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Fishing for Halibut and Barracuda from a Goodyear 
Pony Blimp in the Pacific Ocean near Los Angeles 
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America’s First Airship Line 


N California, the first dirigible airship 

line in America carries passengers be- 

tween Los Angeles and Avalon on 
Catalina Island. 


The carrier is a Goodyear Pony Blimp, 
the right-of-way is the sky, the terminals 
are the waters of Avalon Bay and a 
hangar on the mainland. 


In sixty minutes the Pony Blimp makes 
a thirty-nine mile flight, saving two hours 
over the usual journey by land and 
water, and four hours on the round trip. 


So, little by little, do we see the inevi- 
table day brought closer when airships: be- 
yond today’s conception will carry great 
passenger and freight loads. 


In this development Goodyear deems it a 
privilege to work, to have the opportunity 
of the pioneer to master the great secrets 
of lighter-than-air flying, 


If you are interested in airships for sport, 
for survey, for commerce, write to The 
Goodyear Tire & Rubber Company in 
Akron, Ohio, or Los Angeles, California. 


Balloons of Any Size and Every Type 
Everything in Rubber for the Airplane 
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Vol. IX 
UCH of the improvement of airplanes has been directed 
M toward the reduction of resistance, and consequently 
the gliding angle. That this is not an unmixed 
blessing has been found the case with racing machines, where 
an inordinately large field is required to land in. For cross 
country work the ability to get into a small space surrounded 
by obstacles necessitates taking a steep flight path without 
inereasing the speed. The resistance which has been so care- 
fully decreased must be supplied again to keep the speed down 
during the glide. 

An obvious method of accomplishing this result, but one 
which has never attained popularity, is by means of air 
brakes. Serious study of this device would undoubtedly 
produce a useful brake. 

But there are other ways of increasing the drag. One is to 
inerease the camber of the wings. At the same time a second 
benefit may be derived through raising the lift coefficient of 
the wings, thus cutting down the low speed. A writer in this 
issue proposes a very ingenious solution of this problem. 





Amphibian Development 

The recent British competition for amphibians or combined 
land and water airplanes has produced some interesting 
machines. Of these the most original is a large flying boat 
equipped with a central engine room from which bevel gear 
shafts drive the two propellers. The power plant is composed 
of four engines, arranged in pairs on either side, and with the 
engines of each pair facing one another with what would 
normally be their propeller ends. A system of gear boxes 
and multiple dise elutches allows each of the two propellers to 
be driven with either or both engines of each pair, so that the 
risk attendant to engine failure is really reduced to a mini- 
mum. Furthermore, as the engines in question are fitted with 
a flywheel, they can be run free for purposes of testing, where- 
by much vibration is avoided in gearing and shafting. 

While this system of propulsion is still in its infancy, it 
would seem to be the right step toward making multiple 
engine airplanes more reliable in operation. The weight of 
the elutehes and gear boxes is, of course, bound to add to the 
dead weight of the machine; but if the result be greatly in- 
creased dependability, the cost does not seem too great for 
such an improvement. 

Another point of note in the amphibian competition just 
mentioned is that the majority of competitors entered machines 
which are primarily flying boats and only secondarily land 
machines. That is to say, the British amphibians are in- 
tended to fly mainly over water and to alight only occasionally 
on land. This is logical after all, for it seems very difficult 
to make the amphibian a compromise machine which would 
work equally satisfactorily on both land and water. Since the 
flying boat is probably the best type for large marine airplanes, 
the land'ng gear of large amphibians must be looked upon 
a3 an accessory to be used in emergency only, for to land a 
big fly'ng boat habitually on an aerodrome would quickly 
strain the hull to such extent that it would spring a leak. 

For smaller machines it is however conceivable that a type 
might be developed which could land equally well on land and 


147 


water, for in this case a float type seaplane could be used and 
the landing gear could be made very sturdy since it would be 
be ealled upon to carry both wheels and floats. 





Comfort in Flying 

Flying sickness is generally expected only on one’s first 
flights, but experiences at the recent Air Ministry Competi- 
tions indicate that it is possible for an aviator with a record 
of several hundred hours in the air to be overcome with this 
malady. Some of the observers and passengers found the 
reliability tests of three and one half hours’ duration to be 
much too long for comfort in the enclosed cabins of the com- 
peting machines, while the pilot in the cockpit exposed to the 
airstream was quite at ease. 

There is a suspicion that the ventilation of the cabins was 
inadequate and that a slight leakage of exhaust gases from 
the heating devices added to the discomfort. Certainly there 
is rvom for improvement in the art of cabin design when 
s'ekness is promoted rather than prevented by riding inside. 

One of the considerations in favor of making the London- 
Paris trip by air is to avoid the rough channel crossing. But 
probably as large a proportion of the passengers are as air 
sick as seasick in making the journey by air and water re- 
spectively, so that if it is impossible to obviate this undesirable 
characteristic of air travel, its prestige must suffer. 

The remedy naturally lies with an efficient ventilation 
system which would constantly supply fresh air to the cabin 
and drive out such gas fumes as might find their way into 
the passenger accomodations. 

Another factor which probably contributes at times to give 
passengers unaccustomed to flying this malady is the noise and 
vibration produced by the power plant. This again offers to 
the aeronautical designer a field for much improvement and 
one which should immediately be tackled, for the more comfort 
the passenger will find in air transport, the more he will 
come to look upon this mode of locomotion as the natural 
rapid transit system for great distances. 

It would be a good thing for commercial aviation if some 
aeronautical organization or engineering society would offer 
a few prizes for the development of an efficient silencer for 
aireraft engines and a sound and vibration proof cabin. 





Safety Features 
Reports of the successful application of brakes to the wheels 


of several entrants to the Air Ministry Competitions have 
been rceeived with great interest. These brakes are accom- 
panied by a leading wheel or wheels not used in a normal 
landing, but to prevent nosing over under too severe braking. 
These forward wheels will no doubt prove of value in a forced 
landing, but it has been found possible to pull up the machines 
quite sharply without bringing them into play. The device 
is quite simple in design and operation and may increase 
rapidly in popularity. 

Another tendency noted is the improvement of the gasoline 
system in point of safety. Crash-proof tanks and tanks slung 
below the wings at some distance from the motor and occu- 
pants are noticeable features. 

















































Gordon Bennett Entry of the U. S. Air Service 





















U. S. Army 


The U. S. Air Service in its entry in the Gordon Bennett 
International Airplane Race of 1920 may be said to be more 
truly represented than possibly any other competitor. This is 
beeause the Army of the United States traditionally represents 
the country as no other organiztion can, and the machine en- 
tered by the Army Air Service is truly an Army airplane, 
designed first of all as a “chasse” ‘plane for war purposes, 
by a member of the Air Service. Fully in keeping with the 
details recorded above, is the fact that the pilot of this airp!ane 
was none other than Major R. W. Schroeder, justly famous 
for his past altitude work and now holder of the world’s al- 
titude record. 


The main and outstanding characteristics of the airplane 
itself is that it embodies all of those features, which have come 
to be known among airplane designers as making for speed 
and efficiency. Every portion of the machine that can be, has 
been carefully streamlined from the nose projecting beyond 
the propeller hub to the fairing placed behind the pilot’s head, 
and the vertical stabilizer which like some of it’s European 
sisters is built integral with the fuselage. The horizontal 
stabilizer is carefully faired into the sides of the fuselage, 
which itself is of the pisciform, monocoque type. The wing 
construction is more or less unique for American made air- 
planes in that the upper wing is continuous, there being no 
“eenter-section,” and the inter-plane bracing consisting only 
of one strut on either side of the fuselage, together with the 
four crossed flying and landing wires, which gives the proper 
incidence setting to the wing section. The only other struts 
are the four “chandels,” which support the center of the top 
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wng at the fuselage above the pilot and power plant. The 
two main struts mentioned are similar to those employed in 
the Spad Herbemont, though possibly slightly wider. The 
ailerons are of the balanced type and appear only on the 
lower wing. 

The airplane has been known to the Air Service as the 
“Verville Seout” and is the same as herein described except 
that for the usual Hispano-Suiza engine, a new 12-cylinder 
Packard has been substituded. The main dimensions are: 
spread 28 ft. 2 in., over-all length 24 ft. 2 in., over-all height 
8 ft. 8 in., weight empty 2485 lIb., fuel and oil 536 Ib., pilot 
180 lb., parachute 12 lb., instruments and equipment 20 bb, 
mak'ng a total of 3233 Ib. The weight per square foot ol 
wing surface is 14.12; per horsepower slightly over 5 |b; 
endurance full throttle is 1 hr. 15 min. 

Vings. The wings, set at small differential angles of ine- 
dence, are built on the R.A.F. 15 eurve and have a total area, 
including the ailerons, of 228.5 sq. ft The stagger is 18 m 
The upper plane has a span of 27 ft. 6 in., with a tapering 
chord of from 72 in. to 42 in., and an area of 127 sq. ft. The 
lower plane has a total span of 26 ft. 2 in., and the chord 
varies from slightly over 66 in. to 42 in., with an area of 
101.5 sq. ft., ineluding the ailerons. The two ailerons have at 
area of 18.5 sq. ft. each. In the upper wing are incorpora 
the gravity, gasoline and radiator expansion tanks. The 
alignment is secured by adjusting the turn buckles attached te 
the spar fittings. The strut is attached to the rectan 
compression rib . The lower wings are hinged to the wing butt 
which is faired into the fuselage. Heavy transfer members ® 
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the bottom of the fuselage transmit stresses in the lower wing. 

Spars. The spars are built up of two spruce channel sec- 
tions, jo'ned back to back, with three-ply wood between and 
three-ply covering the sides. Spars are tapered from root to 
tip. The upper surface of the lead‘ng edge of the wing as far 
back as the front spar is reinforeed with three-ply. 

Aileron Control System. The aileron control system is of 
the rig d or positive type. The torque tube is operated by a 
linkage which maintains a positive connection between each 
aileron to the control stick. 

Stabilizers. The horizontal stabilizer has an area of 18 sq. 
ft. and has no angle of incidence. 

Elevator. The elevator hinged to the rear edge of the 
stabilizer has an area of 16 sq. ft. 

Rudder. The rudder has an area of 9.5 sq. ft. 

Fuselage. The fuselage is of pisciform cross section maxi- 
mum be’ng 40 x 50 in. and is of ply-wood. 

Landing Gear. The landing gear is of the two wheel type, 
with a tread of 64-3 in. elastic chord shock absorber system 
with tail skid as brake. 

Power Plant. The engine is a 12 eyl. Packard rated at 578 
hp. fer the low compression engine and 638 hp. for the high 
compression, at 2,000 r.p.m. Bore and stroke is 5-34 in x 
6-14 in. _The weight dry is 1126 lb. The ignition is Deleo 
with battery, generator and distributor, firing two plugs per 
eylinder; two intake valves and two exhaust valves are used 
for each cylinder. Radiator is of the honey-comb type, placed 
under the fuselage. The exhaust system comprises twelve in- 
dividual pipes on each side faired off with aluminum fittings. 
Oil tank has capacity of 7 gal. The lubrication is by dry 
sump system with one pressure gear pump and two scavenging 
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pumps. The fuel system consists of a seven-gallon tank in 
the center of each upper wing, a 37 gal. main tank, a 23 gal. 
forward auxiliary and a 15 gal. rear auxiliary, total 485 gal. 
Engine contro!s consist of throttle, spark and altitude. The 
tractor screw has two blades and either 9 ft. or 9 ft. 2 in. 
d ameter may be used. Greatest pitch is 9.23 ft. The larger 
air serew is for the high compression engine and the smaller 
on2 for the low compression engine, one of each type having 
been shipped for the race. 


A Large Flying Boat 


The accompanying illustration shows a large seaplane which 
is under construction at the plant of the International Aerial 
Navigation Co., of St. Louis. The machine is designed as a 
tandem monoplane with a streamline fuselage which rests on 
a float of large capacity. The length of the fuselage is 42 
The frame- 


ft. the width 8 ft. 6 in. and the height 9 ft. 6 in. 














FUSELAGE AND CENTER PONTOON OF THE NEW SEAPLANE OF 
THE INTERNATIONAL AERIAL NAVIGATION Co. 


work of the fuselage is constructed of nickel steel tubing and 
sheet aluminum is used for encasing the fuselage. The joints* 
of the fuselage are made by oxy-acetylene welding. 

The power plant consists of two Liberty Twelve engines, 
which are mounted in tandem inside of the fuselage on the 
deck of the pontoon and actuate two side propellers through 
a shaft drive. The total weight, loaded, of the machine ‘is 
expected to reach 26,000 Ib. 


N. A. C. A. Reports 


MorsturE RESISTANT FINISHES FOR AIRPLANE Woops. Syn- 
opsis of Report No. 85 National Advisory Committee for 
Aeronautics. 

This report describes briefly a series of experiments made 
at the Forest Products Laboratory, Madison ,Wisconsin, to 
determine the comparative moisture resistance of linseed oil, 
impregnation treatments, condensation varnishes, oil varnishes, 
enamels, cellulose varnishes, rubber, electroplated and sprayed 
metal coatings, and metal leaf coatings when applied to wood. 

All coatings except the rubber and electroplated metal 
coatings, which were not developed sufficiently to make them 
practical, admitted moisture in varying degrees. The most 
effect've and at the same time most practical coating was 
found to be that of aluminum leaf. 















































































Safety in Flight 


Excerpt from a lecture delivered by Air Commander R. K. Bagnall Wild, Royal Air Force, before the Scottish Branch of 
the Royal Aeranoutical Society during March, 1920. 


(Continued from our last issue) 


Other Materials 


Materials like plywood, glue and casein cements have also 
been gradually raised during the war from a condition of 
unreliable and irregular quality and placed on a more scien- 
tific basis. Thus the quality of glue has been improved by 
establishing definite test standards, and demanding the elim- 
ination of accidental and deleterious constituents. In fact, 
where in the early stages of inspection over 40 per cent of the 
glue tested was discarded because of failure to attain to the 
essential conditions laid down by the A. I. D:, the quality of 
the production has so improved that 90 per cent now passes 
all tests. 

Similarly with casein cements (generally used for the man- 
ufacture of waterproof plywood), the quality has so far been 
improved that the productions are not only waterproof at 
ordinary temperatures but may even be boiled for several 
hours without showing appreciable signs of separation. 

The use of linen for airplane fabric has been almost 
universal, although cotton was employed toward the end of the 
war. 

As far as the construction of the fabrics is concerned, it is 
a simple matter to ascertain that the number of threads per 
inch in the warp (lengthwise threads) and in the weft (cross- 
wise threads) are such as are required by specification, while 
the weight per square yard of the fabric and the tensile 
strengths of the yarn and the woven fabric are easily deter- 
mined quantities. 

On the other hand, the general quality of the material may 
be seriously affected by a variety of weaving defects, and these 
often need a trained eye to detect them in the piece. Such 
defects are either cut out or patched. 

One obscure defect took some little time to locate. In some 
instances a good quality dope applied to an apparently good 
quality fabric produced a very unsatisfactory dope surface 
full of minute bubbles and blisters. This was eventually 
traced back to the size used in the weaving process. The warp 
threads, which have to withstand considerable tensile stress 
as well as much chafing during the weaving process, are 
usually sized with thin flour or starch paste to which a “size 
softener” (grease) is added. It was found that if the size 
softener contained even traces of unsaponifiable mineral 
grease, then “bubbly doping” was the inevitable consequence. 
The result was that pure, saponfiable greases, such as tallow, 
palm oil, or Japan wax, had to be specified as size softeners, 
and afterwards no further trouble arose on this score. 

Since there has been little precise work upon india-rubber, 
its use upon aircraft has necessitated a considerable amount 
of investigatory work and close inspection in order to ensure 
the absolute dependability of the finished product. 

This has been especially the case with “gasoline-resisting 
hose”—an india-rubber tubing with canvas insertion, short 
lengths of which are used to connect up the gasoline, oil, and 
water systems of an airplane engine. These rubber connec- 
tions have proved to be esential to obtain unions which do not 
fracture under the sustained vibrations to which they are 
subjected 

Since gasoline dissolves ordinary india-rubber, caus‘ng it 
to swell and become “cheesy,” thus choking the bore of the 
gasoline pipe, considerable research had to be undertaken to 
find a mixture and the degree of vulcanization necessary to 
remedy this fault. The specification wh‘ch was ultimately 
drafted laid down that the sample shall satisfactorily withstand 
one hour in boiling gasoline followed by 23 hours in the eool- 
ing gasoline. 

A very vital and more recent employment of rubber is in 
the construction of “self-sealing” or bullet-proof gasoline 
tanks. The fuel was the source of the great major‘ty of the fires 
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on airplanes during the war, and these self-sealing tanks haye 
proved of the greatest value in effectually stopping accidents 
on this seore. The tanks are made of thin sheet metal with 
an external coating of rubber about 14 in. thick. On bei 

struck by a bullet which pierces both the rubber and metal 
walls of the tank,the rubber springs back into place and thus 
closes the aperture. The quality of the rubber cover of a 
bullet-proof tank must be the opposite of that employed for 
gasoline-resisting hose, in that the rubber on the bullet-proof 
tank must tend to swell in gasoline since such a property 


would assist the sealing process after a bad or jagged pene ; 


tration. 

From the foregoing it will be seen that the present-day 
designer has .a choice of materials, the range and quality of 
which were undreamt of by his predecessor of a few years 
ago. 

A suitable and reliable material exists for every specific 
part, and by a wise selection of such material the designer 
ean ensure that his machine will be safe from the point of view 
of material specified in his designs. Furthermore, present-day 
methods of manufacture place him in a position to attain sueh 
safety at reasonable cost. This is the outcome of the fact that 
the development of the charateristies of aircraft from 4 
safety point of view has progressed possibly at a faster rate 
than any of the others. Research work carried out at the R. 
A. E., particularly in regard to establishing the loads whieh 
may be encountered in flying under all conditions of man- 
euver, has given the designer some concrete evidence on which 
to base his calulations for determining the sizes of the various 
structural members. The invention of an instrument known 
as the “Lindemann Accelerometer” to determine such loading 
has been satisfactorily accomplished, and many tests have 
been carried out with this instrument on a large variety of 
aireraft subjected to all sorts of acrobatic maneuvers. 

The development of stability requirements has also reached 
a stage where one can arrive at the degree of compromise 
between stability and maneuver required, and from data now 
available the behavior of an aircraft can be assumed even 
before its first flight. 


Improvements in Detail Design 


In designing the various details of the structure in the 
earlier days it was customary to resort to the best of every- 
thing available in the form of material or labor for producing 
the parts in question. This stage is now past, as it has been 
found possible that consideration of manufacture allows such 
parts to be produced very easily and at less cost without m 
any way affecting the strength, and consequently the safety, 
of the part. 

Any design which, while incorporating satisfactory material, 
allows of ease in construction, assists in maintaining safety, 
for ease in construction is likely to result in satisfactory 
construction. In this connection a few points may be touched 
upon, the first of which is welding. 

It is impossible to state definitely from the usual visual 
examination that any welded joint is reliable. The only sur 
method of proving such a joint is a destruction test such 
eutting through the weld. It follows that this method 
not be applied to the actual fittings which have to be 
in an airplane. Further, the material of the weld is only 
very mild east steel and cannot have the structure and strength 
of worked material. It was therefore decided to forbid 
welding in any part of a fitting subject to tensile or bending 
loads. Even where welding is permitted careful heat treat- 
ment is subsequently given to the fitting in order to refine 
structure of the surrounding metal which will have beet 
eoarsened and embrittled by exposure to the high temperature 


of weld'ng. 
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Laminated construction has been largely adopted with re- 
sultant improvement in constructional method. Wiring plates 
were formerly required to be of heavy gauge metal; they 
are now usually made from two or more thicknesses of lighter 
gauge, brazed or soft-soldered together, which considerably 
reduces any danger of failing through internal defects in the 
steel. Further, where lugs are required to be bent to suit 
the lead of a wire or eable, the component plates are bent 
separately before fixing together, thus obviating the severe 
local straining at the bend which is bound to occur in a single 
heavy plate. Incidentally, all bends in sheet metal are now 
radiused and failure at these points due to local strain occa- 
sioned by the use of sharp-cornered bending blocks, is now 
non-existent. 

Laminated construction has been extended to wood parts, 
and curved members are now built up from thin strips bent 
and glued together on a former jig, without the use of steam 
and the consequent risk of damage. 


Laminated spars and struts, although originally introduced 
to enable small sizes of timber to be built up into serviceable 
sizes, were found to be as strong as or stronger than solid 
members. This -construction gave opportunity for what 
amounts to internal inspection of the wood, with the result 
that the quality of the material throughout a member proved 
more consistent and enabled a lower grade timber to be used 
for the same average strength. 

Important working parts of airplanes which are covered 
up while in actual use have been rendered easily accessible for 
examination purposes by the provision of inspection windows, 
doors, easily detachable covers, ete. For example, inspection 
doors are now fitted in planes so that by sliding a panel a 
eontrol pulley or cable inside the plane can be readily 
examined or replaced; similarly with a pulley fitted on the 
outside of a plane, the fairing is arranged so that it can be 
easily dismantled to expose the pulley. Fuselage coverings 
are now so arranged as to permit of rapid dismantling where 
it is necessary to inspect or true up the fuselage. 

During the war, additional safety was secured by duplica- 
ting the flying wires. This was done in two ways. Firstly, 
by actually doubling each wire, and secondly, and this is 
probably more satisfactory, by designing the incidence and 
drag bracing so that should a flying wire in one truss break, 
the load is transferred through that bracing to the remaining 
truss. Extra loads are, of course, thrown on other members 
of the structure, but these are carefully considered in this 
connection. 

Important control cables are directly duplicated so that 
failure of one wire does not mean loss of control of the 
machine. 

In the earlier days of flying, the liability of error in manu- 
facture, due to the human element, was considerable. Holes 
in spars, ete., were drilled with a hand brace and were often 
out of true or position. Assembly of the parts in many cases 
resulted in the serious weakening of the member. Further, 
there was always the risk of errors being concealed, especially 
where there was a subsequent process of taping or painting. 
The insistence upon the use of jigs and, fixtures has eliminated 
this trouble. : 

In the assembly of metal parts to soft wood members such 
as those of spruce, it is most important that the metal parts 
are not forced into.the surface of the wood, with resultant 
damage to the fibres. To obviate this, metal fittings are now 
designed with maximum area at the face of attachment so as 
to distribute the load as much as possible; hard wood packing 
pieces are fixed between the soft wood members and the metal 
fitting, and large washers, or even washer plates conforming 
to the outline of the fitting are placed under the nuts of the 
attachment bolts. 

Such parts as nuts and bolts, turnbuckles, and rafwire 
forkends are liable to come adrift when subjected to vibration 
unless suitable locking devices are employed. Bolts attaching 
fittings which are not required to be removed are permanently 
secured by riveting over the end on the nut or even slightly 
burring. Castellated nuts and split pins are invariably used 
when the bolt is liable to require removal at any time. Turn- 
buckles are prevented from unscrewing by means of a soft 
iron locking wire. Rafwires and tie rods are usually locked 
by means of lock nuts at each end, but this method can only 
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be satisfactory when extreme care is taken in tightening up 
the nuts or using a lock nut made from a softer material than 
that of the screw. Alternative locking devices for cross 
bracing wires are now available. Another method applicable 
to duplicate wires is the clamp plate extending over the two 
wires. 

Even though all these safety devices be arranged for in 
design, there still exists a necessity for daily inspection when 
the machine is in use. This is dealt with more fully later. 

Durability of Engines 

From the point of view of durability of engines and com- 
ponent parts, great strides have been made in the past few 
years. ° 

In this connection it is interesting to note that in pre-war 
and even in the early war-time engines, the average life before 
overhaul was comparatively low, that of one of the best 
stationary engines of the time being approximately 50-60 hrs., 
and the most reliable rotary engine averaging 15 hr. actual 
running time before complete overhaul became necessary. 

With the tendency in the present-day engines toward ob- 
taining higher power and the consequent necessity to increase 
the number of cylinders, the difficulties encountered in the 
production of a reliable engine are proportionally increased. 
The fact that the running time of some of the modern sta- 
tionary engines is 200 hr., and upwards, and that of- rotary 
engines is 50 to 70 hr. before complete overhaul becomes 
necessary in the respective cases, makes it obvious that great 
improvements in materials and design have been effected. 

With the advent of commercial aviation, it becomes nec- 
essary to consider the safety point of view above all others, 
reliability being of paramount importance. In order to 
secure the highest degree of reliability, it is possible that the 
low weight power ratios now obtainable will have to be 
sacrificed to some extent and, even if the power remains the 
same, the weight may be slightly increased with advantage. 

This is not a retrograde step, as with present-day knowledge 
of materials and thermo dynamics, such an engine for this 
purpose would probably prove superior to those at present in 
use. For example, a racing car engine is not the best for a 
touring car, likewise a touring car engine is not suitable for 
lorry work. We must therefore apply these principles to 
commereial aircraft engines. There are indications that the 
most suitable engine for commercial purposes is one running 
at a speed which allows the propeller to be driven direct at 
approximately 1,400 to 1,500 r.p.m., which has ample bearing 
surfaces, is reasonably economical in oil and fuel, and is of 
clean and simple design. 

Large aeronautical engines are, almost without exception, 
water-cooled, and the cooling system is an added complication, 
giving rise to the possibility of many failures, more so, how- 
ever, in war than under commercial conditions. Air-cooled 
engines of large power are rapidly coming forward, and the 
use of such engines will tend, by the elimination of these 
possible failures, to promote the further safety of commercial 
flying. 

As previously mentioned, the use of the highest grade of 
light alloy and high tensile steels has become general, and 
considerable attention has been paid to the manufacture of 
components from thes® materials, particularly with regard 
to stamping, drop forging and heat-treatment. More than 
ever, the preliminary operations on the raw materials have 
been studied in their relation to the design of the finished com- 
ponent, and the satisfactory use of forgings in high tensile 
steels has only been possible by the special attention and 
investigation which has been given to this subject. 

The testing of individual parts during manufacture has 
allowed of the discovery and elimination of possible causes 
of failure, which under the usual methods of inspection would 
not have been discernible in the finished product. Such testing 
has been responsible for the increased reliability of engine 
components. 

Particular attention is given to pressure tests on rough and 
machined castings. All oil passages, whether. in castings or 
machined parts, are tested under pressure during and after 
erection, in order to ensure that no source of trouble may 
develop during the early life of the engine. a 

In many early designs a source of great weakness was the 
permitting of sharp corners at the bottom of key-ways. 

































































152 


Present-day practice overcomes this defect, for in machining 
the various parts, great attention is paid to the elimination 
of sharp corners, scratches, undercuts, and sudden chaages 
of section which may tend to develop fatigue fractures by-the 
localizmg of stresses. 

Special attention is paid to the satisfactory locking of all 
detachable parts which are subject to vibration or reversals 
of stress, and much of the improvement made in detail design 
is due to the satisfactory way in which this has been carried 
out on parts which were previously considered unimportant. 

As a further check on the reliability of engines, the bench 
tests imposed are of much more strenuous nature than were 
applied in the past, and methods of testing and the equipment 
employed have been considerably improved as the result of 
war-time experience. The use of torque reaction brakes or 
test stands, fuel meters, ete., enable accurate values to be 
obtained in regard to hp., and fuel and oil consumption, and 
any slight variation from the normal is easily detected by these 
means. 

Regarding the installation of the engine and its accessory 
plant, great steps have been taken toward the elimination of 
faults in design and workmanship which were a constant 
source of danger in earlier types of aircraft. 

Investigations into the cause of accidents and foreed land- 
ings have shown that a large number of such accidents were 
due to some slight defeet developing in the engine installation 
plant, therefore it became necessary to devote greater attention 
toward overcoming all possible sources of failure. A fear 
which was continually present in the minds of most pilots and 
others concerned in flying was the danger from fire caused by 
inattention to vital details of engine installation which it was 
eustomary to consider of minor importance in those early days. 
This has now been greatly minimized in modern machines 
by so arranging the inflammable structure that no part is 
exposed to direct or indirect heat. The carburetor air intakes 
are now led outside the fuselage or engine nacélle, and back- 
fires or blowbacks are rendered harmless. 

The accumulation of loose gasoline is prevented by attaching 
drain pipes to the lowest points of carburetor inlets and air 
intake pipes, these drain pipes being led out and away from 
the fuselage. 

Another source of danger arose from the fact that electric 
leads were frequently run in exposed positions and secured to 
the longerons and spars by means of metal staples, thus in 
due course laying bare the wire and so increasing the danger 
of firing any accumulation of gasoline vapor which might be 
present. To overcome this it has been laid down in all Service 
machine contracts and rigorously observed that all electric 
leads must be run in guard tubes, preferably of a non-metallic 
character, and must on no account be attached to any part of 
the machine by metal fixings. 

The engine itself has undergone important modifications 
all tending to decrease danger from fire, and the chief 
amongst these improvements is to be found in the magneto. 
Modern magnetos are totally enclosed; any internal sparking 
therefore cannot set alight any gasoline vapor which may be 
present. The present design of carburetors also follows this 
example, most modern carburetors being so enclosed as to 
eliminate the possibility of gasoline leakage. The location of 
the engine has also an important bearigg on fire risk, and the 
modern tendency is to mount the engine in an all-metal struc- 
ture, thus insulating it from the remainder of the machine. 
This is easily effected in the case of rotary or radial engines 
having a vertical plane mounting and multi-engined machines 
with engines mounted in separate nacelles. 

With the increasing tendency toward the use of all-metal 
structures, it is obvious that the work of making single-engine 
machines fireproof will be considerably decreased. In con- 
nection with this it is interesting to note that machines are 
already in existence, in the construction of which the use of 
inflammable material has been entirely eliminated. . 


Several mysterious fires have led to a belief that static 
electricity has caused discharges between adjacent metal parts 
of the machine due to differences in potential, thus setting 
light to gasoline vapor. On small machines this effect is 
negligible, but on larger machines the presence of parts at 
different potentials exists under certain circumstances. To 
neutralize this effect it has become the practice to ensure 
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electrical continuity by wire bonding all parts of the metallie 


structure. In cases where machines are fitted up with wireless 
apparatus the receptive capacity of the airplane is increased 
and aerial wires may be dispensed with. 

Improvements in the Gasoline System 


A continual source of trouble in the earlier days was due 
to gasoline pipe failure, this in its turn causing failure and 
stoppage of the engine and sometimes led to fire due to the 
gasoline coming in contact with the exhaust flame or spark 
from the open type of magnetos, ete. 

Fracture of pipes was generally due to lack of provision 
for absorption of vibration. In all modern machines an es- 
sential point is the insertion of some form of flexible joint 
at frequent intervals in the pipe lines, especially at points 
where pipes enter and leave the engine mountings, fuselages 
and other fixed components. A largely used form of flexible 
joint consists of a short length of gasoline-resisting rubber 
hose connecting the two ends of the pipe. To ensure align- 
ment and relieve the rubber from stress, a barrel-shaped tube 
or “Olive” is inserted between the slightly bell-mouthed ends 
of the pipes. The rubber hose is passed over the whole and 
secured by means of clips at each side of the joint. 

A point of extreme importance and one to which insufficient 
attention was given in the past is that relating to the supply 
of gasoline. Contributory causes of failure were insufficient 
pipe area, filter gauzes of too fine a mesh, restricted flow 
eaused by bad bending, air locks due to defective design of 
pipe lines, and presence of foreign matter in the gasoline 
system. To obviate these troubles various improvements in 
design and inspection have been effected. The dimensions of 
gasoline pipes in modern machines have been materially in- 
creased to ensure a minimum flow of 100 per cent in excess of 
engine consumption at full power. Filter gauzes of restricted 
area and too fine 2 mesh are dangerous inasmuch as they so 
quickly become choked and restrict the gasoline supply. To 
correct this a standard mesh gauze has now been provided, 
namely, 120 by 140 per in., and a standard filter is required 
on all aireraft the dimensions of which ensure an adequate 
supply of gasoline. " 

In the early type machines it was invariably the custom for 
gasoline to be supplied from gravity tanks placed at a 
sufficient height above the engine to have an adequate head 
of gasoline ensuring an ample supply to the engine. With the 
progress made in larger machines it became necessary to keep 
the gasoline tanks low down, thus some means of raising the 
gasoline to the engine carburetor became necessary. For this 
purpose an air pressure system on the tanks was adopted, the 
pressure in the tanks being supplied by means of a hand 
pump, and afterwards maintained at a constant pressure by 
means of either a wind pump fixed to a convenient part of 
the machine, or a mechanical air pump driven off the engine. 
This method was effectual while the pressure was maintained 
but was open to several objections, most important of these 
being that if from any cause a fracture of any of the pipes 
occurred, the pressure was immediately lost with the consequent 
result of cutting off the supply of gasoline from the engine. In 
a war type machine this point was of vital importance, as a 
bullet through any pipe or tank immediately placed the 
machine out of action. With the air pressure system it is also 
most important to prevent undue pressure on the carburetor, 
otherwise flooding will result. The usual method adopted to 
overcome this difficulty was to employ a safety or relief valve 
in the air pressure system, this being set to blow off at ap- 
proximately 214 Ib. per sq. in. These safety valves were, in 
the majority of cases, unreliable in action, and coupled with 
the fact that air pressure pumps frequently failed, this system 
is not recommended. 

With the advent of multi-engined machines some more 
reliable method of gasoline distribution became necessary. 
The system most in vogue at present and which has much to 
recommend it is to induce the ‘gasoline from the tanks by 


‘means of gasoline pumps in lieu of forcing it out as in the air 


pressure system. In most gasoline systems the gasoline is 
delivered direct to the carburetors, and any excess of gasoline 
supplied and not required by the engine is returned back to 
the tank via an overhead tank of small capacity. The object 
of this small tank is two-fold; it ensures a constant pressure 
being maintained at the carburetor, and also in the event of 
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failure of the pump, the reserve of gasoline in the gravity 
tank allows the machine to be brought down under its own 
power, although naturally its radius of action under these 
conditions is limited to the capacity of the gravity tank. 

The gasoline pump, as a rule, is driven by means of a small 
air propeller, and it is usual to supplement this by a hand 
gasoline pump in order to provide the initial supply of gaso- 
line for starting and also for use as required in the ease of 
emergencies. Danger of failure to gasoline supply is thus 
materially reduced, and engine failure through this cause is 
becoming daily of less frequent occurrence. 

There is an interesting method in use on some machines 
which utilizes the vacuum created in a Venturi tube by the 
passage of the machine through the air to raise gasoline from 
the main tank to the gravity tank. A float arrangement main- 
tains the gasoline level in the gravity tank and cuts out the 
vacuum to prevent gasoline being sucked down the Venturi. 
When the gasoline level falls to a pre-determined extent the 
vacuum comes again into action, again filling the gravity tank. 
A small hand-operated centrifugal pump is provided as a 
standby. 

Great improvements have been made in small accessories, 
particularly gasoline cocks. Owing to its low viscosity, it ‘is 
extremely difficult to prevent gasoline leaking, and only the 
highest class of workmanship is necessary to produce a sat- 
isfactory cock. This is realized to such an extent that only 
three cocks are at present approved for use on _ Service 
machines. 

Engine Accessibility 


A point which received little or no attention in the early 
machines was the accessibility of the engine and its various 
components. It will be instantly realized that in order to 
ensure an engine being constantly in running order it must 
receive frequent attention, not only to the engine itself, but 
also the installation. 

In early type machines it was of frequent occurrence for 
magnetos, carburetors, water pumps, filters, ete., to be placed 
in such positions and built around by cowling to such an 
extent that an immense amount of time and trouble was nec- 
essary in order to examine the parts as or when required. 
Under these circumstances it will be easily imagined that many 
parts were left untouched and uninspected for considerable 
periods. 

It will be appreciated that under these conditions the engines 
suffered to a considerable extent, and engine failure through 
inattention to small details was prevalent to a great extent. 
A typical instance of this lack of accessibility can be cited on 
one machine which was in service during 1916, the engine of 
which was completely enclosed by a 3-piece metal cowling 
secured to the machine by 238 serews and nuts. 

In order to change the radiator of this machine it was nec- 
essary to remove the whole of the cowling, and to obtain 
access to the carburetor or magnetos, two pieces of cowling 
had to be removed. In modern machines accessibility is made 
a strong feature of design, the cowling in most instances being 
secured by hinge pins, thus enabling the engine to be laid bare 
within a few seconds. In addition, inspection doors are pro- 
vided at convenient points, allowing access to essential parts 
without the necessity of dismantling the cowling. A very 
good instance where accessibilty is carefully considered is to 
be found in a recently constructed machine. This airplane is 
fitted with a large radial engine, and the mounting plate is so 
arranged that it hinges vertically on one side and can be 
swung around so as to expose the whole of the rear of the 
engine with all its accessories. 

Concerning the acessibility of all the various engine compon- 
ents, regulations have now been drawn up and are required to 
be rigorously observed in all aircraft contracts. These regu- 
lations provide for the accessibility—for inspection and re- 
moval—of the magneto and its fittings, carburetor, filters, oil 
and water pumps, and all rubber connections. 

In the foregoing I have endeavored to trace, albeit briefly 
and imperfectly, the advance which has been made in all stages 
of aircraft work, from the raw material up to the finished 
product. In every case these steps have been primarily in the 
direction of the attainment of greater safety and reliability, 
and it is the cumulative effect of these revolutionary improve- 
ments to which the present-day aircraft owes its inherent 
safety. But even when the aircraft is complete and presum- 
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ably ready to take the air as a flying unit, there still remains 
an important head under which safety is to be considered, 
namely, Operations. 

Safety in Operation 


Under this head we must first consider the fact that although 
the machine is compk‘e, assembly and erection are not all. 
Although the machine has reached the stage where a certificate 
of airworthiness may be granted, conveying to the general 
publ'e that the design of aircraft, as regards strength, stabil- 
ity, ete., is approved, and also that the materials, processes 
and workmanship employed in the construction of such air- 
craft have been inspected to the satisfaction of an approved 
authority, the effective functioning of all its parts has yet 
to be gone into technically. 

The gasoline must flow to the engine, the oil must reach the 
engine, and the controls operate freely and correctly. It is 
here that the designer has in the past been liable to stumble; 
he has not fully realized the necessity for close relationship 
between the engine, tank, controls, and the hundred-and-one 
other fittings which go to make up a flying machine. 

The tanks, pipe lines, ignition, ete., of the modern airplane 
are undoubtedly complicated, often unnecessarily so, and as 
already stated a large percentage of accidents may be traced 
to faulty design of the installation, insufficient knowledge of 
the methods necessary for erection and insufficient care in as- 
certaining that the various parts function correctly. The 
whole of the installation requires daily attention and daily 
watching, and this can only be done by a man specialized in 
the art. Under civil operations such a man is known as a 
ground engineer. Under present conditions, after a machine 
has received its certificate of airworthiness, the responsibility 
for its general maintenance and repair, determination of 
periods between overhauls, correct tuning-up, testing, and 
generally ascertaining that the machine is safe for flying at 
any and every time, lies with the ground engineer, and it will 
thus be seen that his work is of the highest importance. 

By regulations made under the Air Navigation Act. the 
ground engineer is required to be duly certified by a competent 
authority appointed by the Air Ministry ,and must undergo 
an examination to qualify for a license. Such examination is 
earried out by representatives of the Director of Aircraft 
Inspection. The standard set is a high one, and rightly so. 
These licenses are divided into two categories—one for the 
inspection of airplanes and for engines for daily flight, and 
one for the overhaul, repair and inspection after overhaul of 
airplane and for engine, and of the two types, the man who 
must look after the overhaul and repair, to my mind, requires 
the higher skill and experience. He has a difficult task, he 
must first of all deeide how often he should pull out his engine, 
how often make a complete overhaul of the machine, and, when 
everything is stripped, decide what should be replaced, and 
that replacements are correct in accordance with drawings and 
specifiations of required material. If the machine has crashed 
he must decide as to what extent the original components may 
safely be used again. The man who pays the bill may not be 
very encouraging with regard to replacements and renewals, 
therefore the ground engineer must have a good knowledge of 
costs to enable him to make his recommendations in such a 
way that the machine is restored safe for flight with the 
minimum cost. 

There is a loophole for danger to creep in when repairs are 
conducted away from the aircraft manufacturer. As a general 
rule, the material required for repairs is not at hand, or if 
available may be unsuitable. It may be that those responsible 
for repairs do not know of what the parts are made, and there 
is certainly a danger of spare parts, which have not been 
manufactured to specification requirements, being used. I 
would recommend every manufacturer of a machine, and 
especially of the engine, to make it a condition of sale that 
spare parts are obtained from him. Any user would be well 
advised to pay the greatest possible attention to this point 
and to encourage his ground engineer to safeguard himself in 
every possible way. q 

T consider the status of the ground engineer should be uni- 
versally regarded as a high one, and that it must be maintained 
as such, for there is no doubt that a ground engineer with a 
good reputation spells safety, not only from the point of view 
that a machine passed by him is safey but also from the 
confidence he. unconsciously inspires in the pilot. The very 
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highest tribute is due to those ground engineers who are re- 
sponsible for the preparation of the machines which have been, 
and are still making daily trips between London and Paris. 

Regarding suitable personnel for the position, I am of the 
opinion that the average pilot who received his training during 
the war will not, as a rule, make a suitable ground engineer, 
because, firstly, he is not generally an engineer, and secondly, 
he has been trained in flying for fighting purposes rather than 
in the mechanical details of his machine. Again, the purely 
workshop engineer has not had the experience of the areo- 
drome to enable him, so to speak to feel the pulse of the 
machine, for this is an engineering art only to be learnt on 
the aerodrome. - It follows then, that the ideal ground engineer 
is the man with workshop experience and a good knowledge 
of materials and process combined with an aerodrome exper- 
ience which enables him intuitively to place his hand upon the 
source of any trouble which may develop. 

A system of supervision is in foree whereby the work of the 
ground engineer is periodically supervised by duly authorized 
representatives of the Director of Aircraft Inspection. 
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Coming te the concluding point of operations, reasonably 
good taking-off and landing grounds must be provided. Eff- 
cient wireless installation and signalling systems either by 
flares or searchlights should® all be maintained at a high 
standard. An example of the progress in methods of commun- 
ication may be found at Hounslow Aerodrome, where the 
Aireraft Transport and Travel Company have fitted a wireless 
telephony installation by means of which direct communication 
may be maintained between aerodromes and with their pilots 
throughout the journey between London and Paris. Proposals 
have already been considered for the installation of ‘an aerial 
lighthouse system on the London to Paris route, and an experi- 
mental lighthouse has been erected at Hounslow. There is no 
doubt that much can be done to promote safety in this diree- 
tion. Wireless liaison between aerodromes and countries by 
which weather reports may be exchanged, provision for emer- 
_genecy landing grounds, marking out of routes, ete., all go to 
promote safety, and it is in this direction that Government aid 
would appear to be of most benefit to the progress of the 
industry. 





Aluminum. Alloys * 
By Zay Jeffries, M. S. A. E. 


Research Director, Aluminum Manufacturers, Inc. 


_ Iron ranks first, of all the metals. It is unthinkable that 
any other metal will even approach iron or steel in importance 
in our generation. Copper, lead and zine come fairly close 
together in tonnage, but we think of copper as being next in 
importance because it is higher-priced. Tin ranks next, with 
slightly greater tonnage than aluminum, and aluminum is fifth 
of the non-ferrous metals. 


Metallography of Aluminum Alloys 


When copper is added to aluminum the compound CuAk is 
formed, as shown in Fig. 1. This dissolves in solid aluminum 
ap to about 4 per cent copper at 500 deg. cent. (932 deg. 
fahr.), and the solubility decreases to less than 1 per cent 
at room temperature. Above about 4 per cent of copper, a 
eutectic forms between CuAl and aluminum-CuAlk solid 
solution. The tendency for the CuAl to separate out in the 
free state is very marked, that is, the solid solution seems to 
be easily divorced from it. The variable solubility of CuAlk 
with change in temperature makes it possible to change the 
properties of the aluminum-copper alloys by heat treatment. 

Zine forms the compound ZmAl: which is soluble in alumi- 
num up to 40 per cent of zine. Fig. 2 is a micrograph at 
250 diameters of a cast alloy containing about 85 per cent 
of aluminum and 15 per cent of zine. 


Magnesium forms Mg:Als which is soluble in solid aluminum 
up to about 13 per cent of magnesium at the eutectic tem- 
perature. The solubility of the compound decreases with the 
temperature to about 5 per cent of magnesium at 300 deg. 
cent. (572 deg. fahr.), and probably to still lower values at 
atmospheric temperatures. Under equilibrium conditions a 
eutectic is formed between the saturated solid solution and the 
compound Mq:Als, when the magnesium content exceeds 13 
per cent. Under normal conditions of cooling in sand, the 
eutectic is formed as a network around the grains when the 
magnesium content is over 6 per cent. Magnesium also com- 
bines with the silicon present in commercial aluminum, 
forming the compounds Mg:Si. This compound is very brittle 
and renders the metal containing it in excessively brittle. (See 
Fig. 3.) 

Iron, manganese and nickel, form FeAk, MnAls and NiAls 
respectively. Fig. 4 shows the structure obtained by adding 
3% per cent of iron. These constituents are very slightly 
soluble in solid aluminum and separate out in the form of 
needles when more than 0.5 per cent of any of the elements 
is present. The FeAls needles have a strengthening effect on 
most aluminum castings by virtue of the fact that the normal 
eutectie network is made less continuous. As the fracture in 
nearly all aluminum castings takes place in the eutectic net- 
work, the FeAls needles make the path of rupture greater and 
hence increase the breaking load. By increasing the breaking 
load more deformation is forced upon the more ductile excess 
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material, thus producing a higher elongation. Iron in amounts 
up to 1.5 to 2 per cent may therefore be quite beneficial in 
aluminum castings. 

Fig. 5 shows the effect of adding 2.75 per cent of copper, 
7 to 8 per cent of zine and about 14% per cent of iron. The 
iron needles form in various places. CuAl: is also formed and 
7 to 8 per cent of,zine is present without forming a complete 
network. This alloy is both strong and ductile, having an 
average tensile strength of 27,000 Ib. per sq. in. and an elon- 
gation of 4.5 per cent when cast in green sand in the form of 
a testbar about 0.5 in. in diameter. 

The Phenomena of Growth and Ageing 


Some queer things happen in these aluminum alloys about 
which we knew very little a few years ago, and about which 
we know comparatively little now. But we know much more 
than we did a few years ago. For example, referring ta Fig. 
1, no matter how this alloy is cooled in ordinary methods of 
production, upon reheating to a temperature around 300 deg. 
eent. (572 deg. fahr.), a permanent change of volume takes 
place. This permanent change of volume is found in all the 
commercial alloys of aluminum which have been studied. It 
differs somewhat in magnitude, but it is present in every one. 
The change in volume can be made permanent at the room 
temperature so that the casting can never grow any more. 

The first place where 
connection with racing-car pistons, where the temperature had 
been very high and the pistons had actually increased in 
diameter. Like a great many other things it was at first 
considered skeptieally, but there-is absolutely no question 
about it now. It is not an important factor in the ordinary 
water-cooled engine, because the temperature is seldom high 
enough to cause growth, except perhaps in the head, where the 
clearance is ample to take care of the growth. But in air-cooled 
cylinders and in racing engines, there is no question that the 
pistons are susceptible to a certain amount of growth. 

Other things are encountered in aluminum alloys that have 
been happening to all the alloys used in motor cars since the 
industry began, but which we did not know much about until 
recently. When aluminum alloys cool to room temperature, 
they keep on changing in physical properties at that temper- 
ature. The old standard No. 12 alloy, for example, when 
east in sand, has a certain tensile strength and elongation; 
but 24 hr. after casting it has different properties. Its 
strength has increased slightly, and its ductility has decreased 
slightly. After a few months the change is still more in the 
same direction. In one of the more ductile alloys, a reduction 


in elongation from 8 per cent in the freshly-east alloy to 5. 


per cent after a month’s ageing is sometimes found, while the 
tensile strength and elastic limit increase. _ 
All of the castings that have been used in the last fifteen 


years have been undergoing this change, which is nearly com- — 


plete in thirty days at ordinary room temperature. No serious 
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disadvantages have arisen, so that the fact that we know now 
that these:changes take place should not cause alarm. It may 
lead a little later to a more intelligent use of material in 
laces where these changes might possibly be accompanied 
by a slight change in shape, or even a change in volume. 
Effect of Alloying on Physical Properties 
The unique effect of zine in increasing tensile strength is 
indicated in Fig. 6. Starting with pure east aluminum with 


a tensile strength of 13,000 lb. per sq. in., copper is added in - 


yarious amounts, as shown. The tensile strength increases 
according to the curve shown in Fig. 6. Nickel forms the 
compound NiAls, which has properties somewhat like iron, but 
it is more soluble in aluminum than FeAl. Iron reaches a 
maxinium tensile strength at 2.5 per cent, whereas nickel shows 
a maximum at about 5 per cent. 


The addition of zine presents an entirely different type of 
eurve from those of the other elements considered, because it 
forms a different structure. The tensile strength increases 
gradually up to 12 per cent of zine as shown in Fig. 6, and, 














Fig. 1—Copper 
Fig. 2—Zine Fig. 3—Magnesium-Silicon 
Fig 


¢. 4—Tron Fig. 5—Zine Copper 
PHoroMiCROGRAPHS OF VARIOUS ALUMINUM ALLOYS MAGNIFIED 
To 250 DIAMETERS 


althongh not shown on the curve, the strength increases up 
to 35 per cent of zine. We have made a set of cast test-bars 
with an aluminum-zine alloy containing a little iron, which 
averaged over 50,000 Ib. per sq. in. tensile strength. We do 
hot consider this a good alloy because it is brittle and the 
specific cravity is over 3.3, whereas all the other alloys men- 
tioned are under 3.0. A high zine alloy of this kind is in 
general unsuitable for engineering uses. 

When the effeet of these same elements on ductility is meas- 
ured by the percentage of elongation, zine is again seen to be 
ma class by itself. It is evident that copper reduces duc- 
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tility faster than any other element. The addition of iron is 
not very practical above 2 per cent, while nickel produces 
about the same result as copper and costs more. The addition 
of zine does not decrease the ductility of the castings as 
rapidly as any of the-other elements. 

Fig. 8 represents the effect of temperature on two different 
types of alloy. The tests were made at the temperature 
indicated. Consider the alloy represented by the dotted 
lines. This is a strong alloy known as Lynite 145. It con- 
tains 2.75 per cent of copper, 7 to 8 per cent of zine and 
over 1 per cent of iron. It has a high tensile strength at 
ordinary temperature, say a little above 0 deg. cent. (32 deg. 
fahr.). In this particular sample it was about 28,000 Ib. 
per sq. in. and the elongation was about 8 per cent. In testing 
it with a rise in temperature it is found that its strength 
decreases regularly up to 300 deg. cent. (572 deg. fahr.), at 
which temperature it is slightly under 9500 Ib. per sq. in. 
On the other hand, its elongation increases rapidly with an 
inerease in temperature. ° 

The alloy represented by the full line contains about 12 per 
cent of copper and about 0.75 per cent of manganese. The 
addition of the manganese has the function of making this 
alloy stronger at temperatures above those of the room than 
at room temperature. The elongation slightly increases, but 
its change is not marked. The tensile strength, however, 
inereases up to 200 deg. cent. (392 deg. fahr.) and we have 
samples that inerease up to 250 deg. cent. (482 deg. fahr.). 
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At 300 deg. cent. (572 deg. fahr.) one alloy has a tensile 
strength of 9500 Ib. per sq. in., and the other alloy more than 
18,000 lb. per sq. in. The second alloy is twice is strong as 
the first at this temperature with sufficient ductility, over 2 
per cent, to make this advantage a decided factor in its use. 
This alloy is used to some extent at present in experimental 
cylinders, and also in eylinder-heads and other parts requiring 
considerable strength at the higher temperatures. 


Comparison with Other Metals 

A comparison of aluminum with machine steel is interesting, 
especially in connection with fatigue values. The modulus of 
elasticity of machine steel is 30,000,000, which is indicated 
by the slope of the straight-line portion of the curve in Fig 9. 
An aluminum alloy containing about 4 per cent of copper, 
0.5 per cent of magnesium and 0.5 per cent of manganese, 
has a straightline graph up to about 20,000 lb. per sq. in., 
but theslope is quite different from that of the steel stress-strain 
line. The modulus of elasticity of aluminum is 10,000,000 
Ib. per sq. in., whereas machine steel breaks sharply after it 
reaches its elastic limit or yield point, and a slight increase 
in load produces a large permanent set. The forged 
aluminum, after passing its proportional limit, continues in 
such a manner that a slight permanent set produces a marked 
increase in the elastic limit, so that it has the ability to check 
its deformation after passing the yield point. 

Cast aluminum alloys have the same modulus of elasticity 
as the forged alloys, but the proportional limit is usually lower, 
say 7500 lb. per sq. in., as opposed to 22,000 Ib. per sq. in. 
in the forging. But after the cast aluminum reaches its true 
proportional limit, the curve rises nearly straight for some 
distance, so that it requires a large increase in load to produce 
a slight permanent deformation. The whole point of the 
matter is that the steel takes a large deformation for a slight 
increase in load, after the yield point; while both cast and 
forged aluminum stand a large increase in load for a slight 
increase in deformation, above the yield point. 

So far as fatigue values are concerned in the White-Souther 
tests, something quite unique is noted. A _ stress-strain 
diagram of an aluminum casting like the one already men- 
tioned, stressed to 14,000 Ib. per sq. in., which is well above 
its proportional limit, will break after about 500,000 reversals. 
Stress it to 8500 lb. per sq. in. and it will require 16,000,000 
reversals to break it. But mild steel, having a tensile strength 
of 65,000 Ib. per sq. in., an elongation of 30 per cent and a 
yield point of 30,000 Ib. per sq. in., will break at 16,000,000 
reversals at a load of only 12,000 lb. per sq. in. Cold-working 
does not help it. These values are reported by Moore and 
Putnam, of the Univerity of Illinois, in a report of the 
National Research Council investigation. The question to be 
explained is why mild steel will break at say 12,000 lb. 
per sq. in., which is below the proportional limit, after 16,- 
000,000 reversals, either annealed or cold worked; and why 
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aluminum will stand the same amount, a little above its pro. 
portional limit, that is, 16,000,000 reversals. My opinion of 
this at present, as far as aluminum is concerned is that the 
main constituents themselves are well below their fatigue 
resistance stress, and that the measured proportional limit 
1epresents the premature breaking of some of the unfavorably 
situated brittle constituents in the alloy. 

I will mention one generality, however, in connection with 
steel, that seems to represent the consensus of opinion after 
a considerable amount of experimentation in both England 
and this country, although it is still awaiting further con- 
firmation, like most of our fatigue data. With a given steel, 
there are only two ways to increase the fatigue resistanee; 
(a) to-reduce its grain size by working and low-temperature 
annealing, or by grain refinement; and (b) by heat-treatment, 
Cold-working does not seem to increase the ability of a given 
piece of steel to withstand long-sustained fatigue. 


Forging Alloys 

The forging alloys are mixed like all other aluminum alloys 
and poured into ingot form; the ingots are either rolled or 
pressed out into billets, which are then forged into various 
shapes. We have found that the forgings give very uniform 
results. Greater uniformity is secured than was anticipated, 
Heat-treatment is very beneficial. The untreated alloy may 
have a tensile strength of about 40,000 lb. per sq. in. and an 
elongation of about 15 per cent. Properly heat-treated, the 
alloy will have a tensile strength of about 55,000 lb. per sq. 
in., an elongation of 20 per cent and an elastic limit of 20,000 
lb., or more, per sq. in. Thus we have a material of about 
one-third the specific gravity of steel, with the properties of 
mild steel. We know that, section for section, this does not 
compare favorably with the alloy steels in their heat-treated 
condition. 

The stiffness or rigidity of a material is a very important 
factor in many engineering products. Stiffness depends 
directly upon the modulus of elasticity of a material, and 
varies as the cube of the thickness of any particular section. 
Here again aluminum alloys possess advantages as structural 
members. Making a rough calculation for an aluminum plate 
of the same weight as a steel plate, the aluminum plate would 
be about three times as thick. Having one-third the modulus 
of elasticity, its stiffness would be only one-third insofar as 
this factor enters; but, being three times as thick as the steel 
plate, with the same modulus of elasticity, it would be twenty- 
seven times more rigid; so that we divide the 27 by 3 and get9 
to 1 in favor of aluminum, weight for weight. Actually, for the 
alloys which are slightly heavier than aluminum, that factor 
comes out between 714 and 8 tol, instead of 9 tol. If 
figured the other way, with one-half the weight in plate section, 
the aluminum would be equally as stiff as steel. This factor 
is quite important in connection with design for rigidity. 
Another point, perhaps quite obvious, is that rigidity is in 
general an indication of stress. Absence of rigidity means 
deformation, usually elastic deformation, it is true, but the 
stress is directly proportional to the deformation. Conse 
quently, if the elastic deformation is decreased, the stress also 
is decreased. 

Aluminum forgings seem to have applications for different 
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purposes due to different requirements. One factor is light- 
ness. Where lightness of reciprocating parts is desired, 
aluminum connecting-rods would perhaps be valuable chiefly 
because of this factor. At the same time, forged aluminum 
seems to be a very good bearing material against hard steel, 
and possibly against medium-hard‘steel. Accordingly, two 
advantages can be gained by using aluminum connecting-rods; 
as a bearing and to decrease weight. Moreover, if the alum- 
mum bears directly on the steel, ideal conditions for cooling 
the bearing result; as aluminum has very high heat conduc- 
tivity, it should conduct the heat away from the bearings very 
rapidly. 

Another important advantage aluminum alloys have, in cer- 
tain cases, is absence of corrosion. They do not rust like iron. 
It is true that a coating or oxide forms on the surface of 
aluminum, but all of the salts of aluminum are white, which 
is the reason that the oxide of aluminum is inconspicuous. 
This is true of zine also. Zine oxide is white; consequently, 
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when we galvanize a piece of iron, a coating of zine oxide 
forms on the outside and we do not think of it as rusting at 
all. In its way the zine is rusted; but the rust is white or 
colorless. Even though all aluminum products have aluminum 
oxide on the outside, the oxide is colorless and also thin. 


I will mention briefly some other characteristics of alum- 
inum. One is the coefficient of expansion. In the ordinary 
timing-gear system the gears might be rigidly attached to one 
aluminum casting. As aluminum expands about twice as much 
as iron per degree, it might be found that the iron gears had 
too great a clearance when the engine is warm. Aluminum 
gears, or even one aluminum gear, would cut down that 
clearance, because aluminum has a greater coefficient of expan- 
sion . Another characteristic of any of its alloys which I know 
anything about is that aluminum as a metal seems to be a poor 
sound transmitter. It does not ring like steel and does not 
transmit sound and vibration nearly as well as any of the iron 
products. 





Power Required to Drive Aeronautic Engine Magnetos and (Generators 


Prepared by Engineering Division, Air Service 


Object of Test 


The object of this test was to determine the power required 
to drive various types of aviation engine magnetos and gen- 
erators. 


Conclusions 


It was found that the power required to drive aviation- 
engine magnetos was too small a quantity to be measured with 
the equipment available. 


The power absorbed in driving the Liberty generator ranged 
from 0.07 hp. at 1,800 r.p.m. when delivering a current of 1 
ampere, to 0.19 horsepower at 3,300 r.p.m. when delivering a 
current of 4 amperes. 


Method of Conducting Test 


A Bosch type ZH-6 magneto was connected to a 5-horse- 
power electric cradle dynamometer. <A set of six spark gaps, 
adjusted to one-fourth inch, was connected in series with the 
magneto to constitute the operating load. The magneto was 
then driven at speeds ranging from 1,800 to 3,300 r.p.m. in 
increments of 150 r.p.m., to correspond with the magneto 
speeds on a 6-cylinder engine operating at 1,200 to 2,200 r.p.m. 
The torque required to drive the magneto was noted. 


The Bosch magneto was replaced by a Dixie, type 1,200 
magneto, ‘and a similar test was made under the same condi- 
tions. In this ease the load consisted of 12 gaps instead of 6. 

The Liberty generator was then connected to the dynamom- 
eter. A Deleo voltage regulator, a slide-wire resistance, and 
an ammeter were connected in series with the generator, and 


a voltmeter across the cireuit. The generator was driven at 
speeds ranging from 1,800 to 3,300 r.p.m., corresponding to 
engine speeds of 1,200 to 2,200 r.p.m. The load was varied 
by means of the slide-wire resistance to obtain currents of 1, 
2, 3, and 4 amperes at each speed. The torque required to 
drive the generator and the electrical output were recorded. 


Results 


The power required to drive the various makes of magnetos 
is not tabulated, since the torque was too small to measure. 
The results of the test on the generator are tabulated below. 


Observations during Test 


The torque reaction of the dynamometer while driving the 
magnetos was too small to register on a sensitive pendulum- 
type scale. The torque arm would remain stationary when 
removed from the torque reaction platform. 


Analysis of Results 


The power required to drive the two magnetos tested, the 
Bosch ZH-6 and the Dixie 1,200, both of which are represen- 
tative of the best aviation engine practice, is too smal! to 
measure with the available equipment. The torque reaction, 
as was indicated by the behavior of the torque arm noted un- 
der “Observations during test,” was. evidently less than the’ 
slight friction in the dynamometer trunnions. 


The maximum power required to drive the Liberty generator 
did not exceed 0.2 hp., an insignificant amount compared with 
the total horsepower of any aviation engine. This power is 
much less than the power absorbed by water and oil pumps. 





POWER REQUIRED TO DRIVE THE LIBERTY GENERATOR 








—_——-—4-ampere load 























-Speed (R. P. M.)— --——-— -1-aimpere load—-——— ————2-ampere load———— —- 3-ampere load ———— 
Genera- Torque Horse Torque Horse- Torque Horse- Torque Horse- 
tor Engine Voltage (Lb. ft.) power Voltage (Lb.-ft.) power Voltage (Lb.-ft.) power Voltage (Lb.-ft.) power 
1,800 1,200 8.5 0.21 0.07 8.5 0.24 0.08 8.5 0.27 0.09 8.5 0.32 0.11 
1,950 1,300 8.8 20 07 8.7 24 .09 8.7 .27 10 8.7 £2 12 
2,190 1,400 9.0 17 07 8.9 .22 .09 8.9 26 19 8.9 31 12 
2,250 * 1,500 9.0 .20 .09 8.9 22 09 8.9 26 ll 8.9 30 13 
2,400 1,600 8.7 19 .09 8.7 .22 10 8.7 27 12 8.7 31 14 
2,550 1,700 8.9 .29 10 8.8 .23 11 8.7 .2¢ 14 8.7 32 16 
2,700 1,800 9.0 20 10 9.0 .24 .12 9.0 27 14 9.0 31 16 
2.850 1,900 9.2 18 10 9.1 .22 12 9.9 2 14 9.0 31 17 
3,000 2,000 9.2 19 ee 9.1 .23 13 9.0 25 14 9.0 30 17 
3,150 2,100 9.2 19 11 9.1 .23 14 9.1 .26 16 9.0 .30 18 
3,300 2,200 9.2 18 Ad 9.2 .23 14 9.2 27 17 9.1 31 19 



























































Automotive Engineering Standardization and Progress . 
By Coker F. Clarkson 


General Manager, Society of Automotive Engineers 


Standardization is the codification of the best consensus of 
opinion as to what should be specified for those items of ma- 
terials and dimensions which it is clear can be reduced ad- 
vantageously to common practice. The purpose is, of course, 
to improve the conditions of manufacture and operation. The 
draftman’s time is saved and made more efficierit. There is 
established a very helpful esprit de corps as to what ean and 
should be done in the way of standardization. The stocking 
of materials and many component parts of sub-assemblies 

* bevomes possible, time being again saved. The product is 
improved in quality both as a whole and in detail. Price 
always tends to become relatively less. The user can. maintain 
the apparatus he has bought more economically as to time and 
in a pecuniary way. He gains increased knowledge of and 
confidence in the manufacturer’s product by finding therein 
detail features of construction which are generally known and 
accepted as good. This is akin to one of the most potent 
principles of advertising; a feeling of plausibility and pro- 
priety is engendered through the effect of general publicity. 
Common knowledge of this sort is beneficial in all effective 
commereial operations. 

One troublesome misconception of the standards we are 
discussing is that they are mandatory. Another is that they 
are manifestos of finality like standards of weight or measure. 
An automotive engineering standard is a thing that is econ- 
sidered, by men well qualified to judge, good or best for the 
great bulk of the manufacture in our field, in order to facili- 
tate quantity production in the way I have indicated. The 
Society of Automotive Engineers has no way of enforcing the 
use of its standards except. insofar as their merit is weighty. 
This is as it shonld be, and for a like reason the S.A.E 
standards work has been successful. It has been demonstrated 
over a period of years that most of the standards ean be re- 
duced to practice by the great majority of manufacturers with 
marked benefit to themselves, as well as their customers: in 
fact, in all cases where the production is not really special 
inherently, or on account of large substantially identical pre- 
vious production not incorporating the currently desirable 
standards. The latter condition is almost inevitably a matter 
of the relative irnportance of the past and the future to the 
manufacturer. 

S. A. E. Standards Have Commercial Value 

The Society of Automotive Engineers is not commercial in 
the sense that it ean enforce its standards in an arbitrary way. 
It is commercial in the sense that its standards are of com- 
mercial value. The Society can conduct its activities on a 
somewhat broader and less partisan basis than a commercial 
organization can. A commercial organization of manufactur- 

ers, proceeding as such, without giving effect to engineering 
questions as such, cannot, on account of sales competitive 
reasons, get as good results in the formulation of engineering 
standards as an organization like the S.A.E. ean. In more 
than one instance the Society has established standards that 
have gone into general practice, after the representatives of 
the manufacturers directly concerned working together, or 
failing to work together, had been unable to establish them. 

Standards should, of course, be canceled or revised when 
necessary. They should not obviously be promulgated origin- 
ally unless there is sufficient evidence to assure their holding 
good for a properly long period of time. But the whole 
tem should be conducted flexibly and not inflexibly. 

Fallacious Arguments Against Standards 

The more or less chronie stock argument against standard- 
ization is that it impedes individual and engineering progress. 
This is the sort of argument that is legion and perennial in 
almost every field of endeavor. I believe that no fair-minded 
man would say that standardization had impeded the progress 
of the automobile industry. There is every evidence that it 
has been one of the main reasons for the quantity production 
in this field, facilitating purchase of materials, improving 
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quality and decreasing cost of maintenance. Quantity pro- 
duction is clearly not possible without a great degree of stand- 
ardization of some kind, and the standardization the S.A.E, 
has fostered has surely been most advantageous to the great 
majority of manufacturers and users in the automotive field, 
There is a very materia! saving in the manufacturing cost per 
ear. Serews, taps, dies, spark-plugs, steels and many other 
materials and parts can be bought at lower prices and: for 
better delivery. ‘The producing companies have saved a great 
deal of money in lowered materials costs and in lessened pro- 
duction complications. There is no doubt that the standards 
and recommended practices of the Society of Automotive 
Engineers have been of inealeulable benefit to the automotive 
industry at large.- The cost to the consumer of standard 
gages has been reduced greatly, compared to what it was when 
rages made specially to meet customers’ requirements, 
It is stated that ninety-five per cent of the lock-washers used 
in automobile fabrication and operation are S.A.E. standard, 
These are merely examples of a widespread condition as to 
S.A.E. standards and recommended practices. 

A fundamental maxim. of the $.A.E. has always been to not 
condemn any proprietary article, nor to endeavor 
to standardize any practice that would impede progress in 
design. As a class the standards consist of material and 
mounting-dimension specifications for those things that are 
in the present types of automotive apparatus. . In- 
eidentally, it cannot be ignored that the greatest successes have 
been attained in those automotive fields in which the design of 
the article produced been most conventionalized, con- 
spicuos!y in the automobile field. Much conventionalization 
ereat commercial suecess with apparatus indi- 


were 


endorse or 


essential 


has 


is essential in 
vidually operated by a large number of people in a mechanical 
The most advanced and efficient apparatus cannot ne- 
be operated by the average user. The generally 
prevalent knowledge of. the internal-combustion engine is a 
a principal ‘reason for the suecess of the vast amount of 
apparatus in use, Intelligent standardization 
eould not check and ean only assist such a condition. There 
is no trade advantage to any single company in not participat- 
ing in the establishment and practice of rational standardiza- 
Neither is there any advantage in the way of design. 
Example of Engineering. Progress 
In England recently there was designed a simple and in- 
expensive stationary engine for general purposes, such as 
dynamo driving and farm work, and at the same time to obtain 
the very high efficiency which had been attained thitherto only 
in very costly engines, such as those used for aircraft. It is 
stated that during a 100-hr. run developing 6 hp., at less than 


WA 


cessarily 


automotive 


tion. 


750 r.p.m. governed speed, the fuel consumption was a little 
over 1 pt. per hp.-lr., most engines of a similar size consum- 
It was figured that with this type of 
money saving per year for fuel would be $65.00 
The engine was single cylinder 4 x 6 in. The oil 
consumed was 0.012 pt. per hp.-hr. This performance is de- 
cidedly an example of appealing engineering progress. The 
work of the Society of Automotive Engineers in standardiza- 
tion, research and other respects has been and is primarily 
sueh as to encourage such development, and not in the least 
to impede it. The whole purpose of the Society is to bring 
about improvement in the entire automotive field, increasing 
the efficiency of engines and power transmitting devices. 

The automotive world is one large growing family, both 
nationally and internationally, and is making every effort 
further and make as effective as possible those phases of 
efficient production of automotive apparatus of great. merit, 
in whieh the engineering fraternity takes such a deep interest 
and which are so essential to the Nation industrially and 
economically. In worldwide trade it is obvious that the main- 
tenance of standardization that will make possible the inter 
changeability of many materials, parts and accessories, 18 


ing 34 pt. per hp.-hr. 
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economically requisite. 
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The Touring Airplane .and the Variable Camber Wing 


By J. D. Hill 


The demand for better service, or more usable qualities in 
airplanes is causing considerable thought on the part of many 
persons now engaged in the aviation industry.. It presents to 
the designer and manufacturer a problem and to the inventor 
an opportunity or at least a hearing. 

If the manufacture and sale of airplanes is to continue as an 
uninterrupted business something.in the way of improving the 
all round performance of our present machines must be done 
at once. For even those enthusiasts, who have purchased and 
used with partial success the kind of machines we have 
recently had to offer, will soon give up the idea of attempting 
to use a type of machine that does not fulfill their require- 
ments. 

The object of this writing is not the criticism of existing 
machines. During the past eight years the writer has flown 
an air distanee of some 300,000 miles and is in an excellent 
position to testify as to the good workmanship and sound 
construction, as well as the generally good flying qualities of 
the many types of machines produced by different manufactur- 
ers. A fair percentage of this flying has been cross-country 


Almost without exception the patrons of our passenger 
carrying machines name some place to which they would like 
to fly and when we make a list of their reasonable requests we 
ean picture this machine landing safely wherever man has 
settled and established.a homestead. If the airplane buHder 
will plan and build with this achievement as his objective it 
ean easily be seen that the established landing field will take 
its logieal place as a filling station and repair depot. 

Among the desirable characteristics of primary importance 
for a good touring plane are: 

1. Control surfaces easily effective at the lowest flying speed. 

2. A quick get-away with the ability to climb at a compara- 
tively steep angle. (Here the need for generous tail controls 
is apparent in order to quickly bring the ship from the climb- 
ing to the gliding position in case of motor failure.) 

3. The ability to glide at a steep angle without excessive 
speed. 

4. A reasonably slow landing speed. 

5. A very short roll after landing. 

6. Control on ground by means of steerable tail skid. The 
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OUTLINE DRAWING OF A PROPOSED VARIABLE CAMBER AIRPLANE 


work and here the great need for improved performance is 
most apparent. : 

As a pilot and salesman, or more correctly, as a missionary 
worker in aviation, it has been my good fortune, during the 
last two years, to be continuously in contact with the potential 
buyer of airplanes of the pleasure or touring type and my 
opinions have been influenced to a certain extent by this 
association. 

Without a doubt there will be a very fair market for a single 
motored touring airplane with seating capacity for from three 
to five or six people, a cruising speed close to 100 m.p.h. and 
cruising radius ranging upward from 250 miles. 
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rate of'climb in feet per minute and height of ceiling are of 
secondary importance, but will be quite satisfactory in any 
machine having the characteristies stated above. 

It is hardly fair for anyone to say that many things are 
wrong and much should be done in the way of improvement 
without offering at least a constructive suggestion, so if the 
foregoing remarks are accepted as being well founded, then the 
following arguments for the employment of wings having a 
variable camber and variable area as a possible means to the 
desired end may be well taken. Some interesting discussion 
of this subject has appeared in recent numbers of AVIATION 
dealing with the advantages of this style of wing from the 
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theoretical standpoint and at the same time questioning the 
possibility of keeping the weight of such a wing within the 
required limits. 

Proposed Design of a New Wing 

The purpose of this discussion is to suggest a plan for the 
building of a variable camber wing having the desired aero- 
dynamic characteristics, and at the same time conforming to 
the principles of sound engineering; also to point out. the 
necessity for the use of such a wing if the previously men- 
tioned performance requirements are to be fulfilled. 

With regard to the question of weight there is little doubt 
that this wing will be slightly heavier than the same size wing 
of the usual type. However, on account of its capacity for 
better performance the overall dimensions of the airplane to 
which it is fitted will be reduced so there is a possibility of 
reducing the total weight of the complete machine. The long 
expected metal wing has recently made its appearance and 
while metal is not absolutely necessary as the material for this 
construction, it will serve the purpose very nicely. 

In the design submitted herewith, the wing is shown as 
being composed of two partially overlapping members pivoted 
together at the apex of an imaginary cone the surface of which 
determines the degree of curvature of the overlapping surfaces. 
The forward and upper member is fixed while the second 
member including the wing tip, trailing edge and under por- 
tion of the wing is movable. Its one movement is a rotation 
to the desired degree about the axis of the said cone all the 
while preserving its bearing contact with the upper member. 
Its attachment to the airplane body is by means of bearing 
pins movable within suitably curved slots in a plate set in 
the side of the body. A crank and serew machanism in con- 
nection with push and pull rods permit the pilot to shift this 
movable portion of the wing to any desired position. 

Fig. 1 shows the structural simplicity of the design and it 
wili be noted that the movable member includes only those 
portions of the wing which carry the smallest load per sq. 
ft. This arrangement makes it possible to simultaneously vary 
the camber, area, and angle of incidence of the wing by one 
mechanical movement. The increase in area is effected by in- 
creasing the chord length of those sections between the body 
and the point of pivoted connection between the two wing 
members. 

The question of stability will require attention, but it pre- 
sents no difficulties since the increase in area is caused by 
increasing the chord length to the rear with a consequent 
backward shift of the C.P., while the simultaneous increase 
in the angle of incidence causes a forward travel of the C.P. 
If we assume a chord of 4.5 ft., with the C.P. at .38, then 
increase the chord to 6 ft., whereby the \C.P. on account of the 
change in the angle of incidence may move to some position 
.28 of chord, the net change in the position of the C.P. with 
reference to the leading edge will be (4.5 * .38) minus (6 
X< .28) or .03 ft. in this case a shift forward of about 3% in. 

Landing Speed 

Of the desirable characteristics previously mentioned all are 
easily incorporated in a machine of the conventional design 
except the ability to glide at a steep angle with moderate 
speed, the reasonably slow landing speed, and the very short 
roll after landing. The term reasonably slow landing speed 
is used because a machine having sufficient wing area to make 
its landing speed exceedingly slow is handled with difficulty 
on the ground in any kind of wind and is liable to serious 
damage when landing in gusty weather. 

Gliding Qualities 

The secret of successful cross-country flying is the aceurate 
placing of the ship within the available landing space, and 
this even with the aid of the very useful side slip is not always 
easily done. With the old fashioned inefficient pusher type 
machine the pilot could dive almost vertically down into a 
field, flatten out and land within a rather small space. This 
useful characteristic, however, has been lost in the modern 
m.uchine through the improvements in fineness ratio and in- 
crease in speed. 

The difficulty of bringing the modern airplane down over 
high obstacles to a landing in a restricted area is too well 
known to require any discussion and the overcoming of this 
difficulty is perhaps the most useful function of the variable 
camber wing. 
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Sufficient area, a very deep camber, and a large angle of 
incidence meet all the requirements for gliding flight with 
moderate speed at a fairly steep angle. This makes for 
accuracy ot “spotting” the machine at the desired place, for 
surely it is easier for a pilot to fly to his field and go right 
down into it rather than to sail around in the usual wide flat 
cirlee all the while using his most delicate touch to determine 
his lowest safe-speed. If the variable camber wing served 
no other purpose than this its use even at a considerable added 
expense would be amply justified. 


Climbing Angle 


In climbing out of a small field surrounded by obstacles 
another useful quality of this wing can be shown. No matter 
what the rate of climb may be, if the speed is great and the 
climbing angle small an airplane in this situation will be 
helpless, for in the few seconds in which it will travel across 
the field it can not be high enough to clear obstacles. How- 
ever, if the time allowance is inereased and the machine made 
to fly safely at a reduced speed, the rate of climb may not 
be changed but the climbing angle can be increased with the 
resu't that the machine can get away very easily. The variable 
camber wing will serve this purpose without detracting in any 
way from the ship’s high speed performance. 

The touring plane is going to be put to the most severe 
flving tests in all kinds of places and if it is to make good it 
must have the ability, and by this is meant not only the power 
but also the essential flying qualities—to take off quickly and 
immediately begin an upward spiral of fairly short radius and 
while executing this maneuver maintain a fair rate of climbing 
speed—not flying speed but rate of ascent. 

While climbing out of a field in this manner the pilot is, 
at any instant in case of motor failure, in position to return 
to his field. It is admitted that the size of the field should 
determine the radius of this climbing turn; nevertheless a 
single motored airplane which can not meet this requirement is 
not safe for general cross-country flying. 


Short Roll after Landing 


The few machines that have shown good performance in 
this respect have been of the type that rests heavily on the tail 
skid, excepting of course some of the one place feather-weight 
sport planes which are not included in the subject of this 
diseussion. Unless some sort of adjustable castor is provided 
for the support of the tail, the amount of the ship’s -weight 
resting on the tail skid should not be more than one man can 
handle. Under this condition the amount of drag or braking 
effect that we can expect from the tail skid is limited. For 
well known reasons powerful brakes on the wheels are not 
very desirable, yet some device for bringing an airplane to a 
quick stop after landing is much needed, and here again the 
deseribed wing will serve a useful purpose. 

With the wings fully extended to secure the desired slow 
gliding speed the angle of incidence is very large, and when 
the ship’s tail is lowered at the time of landing this angle may 
inerease to a value greater than the critical angle. The re- 
sulting inereased drift components- of the pressure on the 
wings will serve as an effective brake. This function of a 
wine having a variable angle of incidence has been mentioned 
recently by a contributor to AVIATION. 

The ability to quickly elevate this wing through the critical 
angle presents an interesting possibility in the way of forcing 
a landing at a desired point when gliding close to the ground. 


Conclusion 


When all the arguments are presented it is evident that the 
variable camber wing is worthy of the airplane manufactur- 
er’s must serious consideration. In view of the fact that the 
prospective buyer has had his first demonstration, has learned 
what an airplane can do, what it ean not do, and is fast learn- 
ine what it should be able to do, it is easily seen that the time 
has arrived for the setting of a new standard of airplane per- 
formance. , 

A well built and good looking touring airplane having the 
performance characteristics suggested in this discussion should 
be at once a joy to the maker and its owner. The airplane 
‘s now being watched with a critical eye and it is a certainty 
that demonstrated performance to prove real worth must 
precede an active market. 
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Development of German Aircraft Engines“ 


By Otto Schwager 


Translated from Technische Berichte, by N. A. C. A. 


When war broke out in 1914, the mean power of the avia- 
tion engines at the disposal of the German Air Force was 100 
to 120 hp. on the ground . The unit weight of these engines, 
including the water and oil contained in them, was from 1.8 
to 2 kg. per hp. The flying efficiency attained with such 
power was supposed to be more than satisfactory, there being 
still believed to be absolute safety at an altitude of 1200 to 
1500 m. from shots: fired on the ground. At this period, aerial 
combat had not yet been thought of. Even competent 
authorities searcely considered it credible that the arming of 
aircraft would ever be a matter of grave importance. 

It soon became evident, however, that ever-increasing de- 
mands would be made on the climbing powers of aircraft, in 
proportion to the progress achieved by the defensive artillery 
in the technies of firing. Not only was it requisite that climb- 
ing efficiency should reach the highest possible point; climbing 
speed would also have to be raised higher and higher in pro- 
portion. With this end in view, increased engine power was 
the first point taken into consideration. Engines with 150 
and 160 hp. on the ground were consequently obtained and 
there are many eases, even at the present time, in which such 
engines give results that may be considered to be satisfactory. 

Another difficulty then arose. The increasing number of 
the duties devolving on the pilot led to a corresponding 
increase in the weight of the load carried by the airplane. We 
need only mention, for instance, armament consisting of one or 
more machine-guns with ammunition, bombs and bomb-drop- 
ping devices, photographie apparatus and radio, according 
to the functions of the machine in question; and it was essen- 
tial that good climbing power and speed should be attained 
notwithstanding such additional weight. This led to the need 
for still higher engine powers, and engines with 180, 200, 220 
and 260 hp. were produced. The unit of weight of these 
engines was reduced, in the case of those with 100 and 120 hp., 
by 1.5 kg. to 1.8 kg .per hp. Flying efficiency did not, how- 
ever, keep pace with increasing engine power to the extent 
generally expected, in spite of the effort that was made to 
construct special aircraft for each particular purpose and to 
equip such aircraft for that purpose alone, so as to reduce its 
weight and load to the lowest possible amount. 

The ever-increasing demands created by aerial warfare 
eausing the need for a still higher degree of flying efficiency, 
it became more and more evident that the development of 
aviation engines must be carried out along new lines, and that 
increased efficiency alone would not suffice to ensure the de- 
sired end, the more so because high-powered engines were 
inconvenient from a flying viewpoint, by reason of their heavy 
weight and great length, which were unfavorable to the turn- 
ing facility of aireraft equipped with such engines. Recent 
efforts in the construction of aviation engines have been de- 
veloped along two different lines which may be defined as 
follows: Light-weight Construction and the Adaptation of the 
Aviation Engine to the Requirements of its Utilization. 

Reduction of Engine . Speed 


In the spring and summer of 1916, the flying efficiency 
attained through the reduction of the number of revolutions 
of the propeller used on the engine from 1400 to about 900 
r.p.m., by the Mercedes 220 hp. engine was so good that it 
seemed desirable that all aviation engines should be equipped 
with similar gear. This idea was justified, as propeller 
efficiency can be considerably improved by means of such 
reduction gear. It was most effective on the Mercedes 220 hp. 
engine with its 8 cyl. placed tandem-wise, but it gave rise to 
so much difficulty on 6-cyl. engines that the experiments 
made on the Jatter, with the gear, had to be given up for more 
urgent tests. 

In spite of this, the Aviation. Inspection Department still 
pushed the use of reduction gear in Aviation engine 


* Extract from a lecture given at the General Meeting of the Scientific 
Asscociation for the Technics of Aviation, at Hamburg, April 19, 1918. 


factories. As early as autumn, 1916, the Department decided 
upon the utilization of high piston velocity and a high number 
of revolutions as the standard for geared engines. Construc- 
tional work was then zealoysly started on all sides and the 
8-cyl. Vee engine, with power from 180 to 240 hp., was 
ordered at several factories as the best high-speed engine 
from the flying standpoint. The unit weight of this engine, 
including the water and oil carried, was established at 1.25 
to 1.35 kg. per hp.,—figures which can be obtained without 
difficulty, as has been seen in the case of different engines of 
the same constructional type now ready for quantity produc- 
tion. : 

The enemy had also been pushing engine development along 
similar line, at a somewhat earlier period. In the winter of 
1916-17, the French utilized their first Vee high-speed engine 
at the Front, although it had long been known among German 
aviation experts. The engine in question is the 8-cyl. Hispano- 
Suiza from which the French, according to accounts given by 
prisoners, expected marvelous achievements. The early 
models of this engine were, as yet, not supplied with gear. 
Their hp. was 140, with 1400 r.p.m., and their unit weight was 
1.295 kg. per hp., including water and oil. This engine gives 
an excellent impression at the first glance, with regard to its 
construction. It was also so exceptionally highly finished that 
it attracted a good deal of attention in German aeronautical 
circles. Many efforts were made to ensure the further pro- 
duction of the engine without other alteration, but this was 
not done on account of various weak points in its construction, 
and because German high-speed engines had already been in 
process of construction before the capture of the first of the 
French engines. 


German Criticism of the Early Hispano 


The examination of the above-mentioned engine at the test- 
bench (see Fig. 1) gave remarkable results . To begin with, 
the engine proved to be a distinctly high-speed type, its maxi- 
mum power being at about 2400 r.p.m. and consequently by 
no means fully utilized with 1400 r.p.m. and 140 hp. as at the 
outset. Secondly, however, the engine was found to have 
considerable constructive shortcomings. Mention need only 
be made, for instance, of the defective cooling of the exhaust 
valve, which was burnt up each time at the end of 6 or 8 hours. 
The construction of the engine was, nevertheless, most instruc- 
tive and interesting to German manufacturers, and it soon 
became accessible to them, as it was captured in large numbers. 
The carburetor, which has already been described in Technical 
Reports, (Vol. III, No. 4, p. 112) is particularly interesting. 

The possibility of constructing high-speed internal combus- 
tion engines depends more upon piston velocity and inertia 
stresses than upon the cross-section of the valve. The piston 
velocity can easily be carried up to 10 and 15 m/sec., engines 
having already been constructed successfully with about 17 
m/see. piston velocity, as, for instance, in the case of the 
French Despujol racing boat engine. The possibility of adopt- 
ing the largest cross-sectional area of gas-passage is, on the 
other hand, limited, especially if great importance be attached 
to the advantageous form of the combustion on account of the 
high piston velocity, so that the valve must be suspended at 
the bottom of the chamber. It is desirable that mean gas 
velocities of 40 to 60 m/see. should be obtained in the fully 
opened valves. In such cases, when the inlet pipes are well 
made and the engine otherwise satisfactorily constructed, a 
mean effective pressure of 8 to 9.5 may easily be obtained. 
The power curve of a 6-cyl. Benz aviation engine may be 
taken as an example (see Fig. 2) with 185 nominal hp. With 
1400 r.p.m., this engine produces 197.5 hp. normal efficiency 
at a mean effective pressure of 8.4 and 1150 r.p.m. with 8.75 
as maximum value of the mean effective pressure. 

A noticeable feature of this engine is that its unit weight, 
ine'uding water and oil, is only about 1.26 kg./hp. with perfect 
safety in working, although it is not a so-called high-speed 
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engine. In contrast to the first high-speed enemy engines 

produced at the Front, which had no gear at all and a com- 

paratively low number of revolutions, our 8-cyl. high-speed 

Yee engines were all designed with gear from the beginning. 

Tests made with the first working models soon showed that the 

gear itself caused serious difficulties. It was therefore also 

decided in France that the engine should be constructed with- 
out gear for the time being; and foreign high-speed engines 
still show the question of gear to be by no means satisfactorily 
solved, as almost every factory licensed to construct the 

Hispano-Suiza has different dimensions for the spur wheel 

gear selected for their engines. 

The fact of a utilizable high-speed engine needing almost 
one year and a half for its development in our ease is in no 
respect due to a lower productive capacity on the part of 
German engine manufacturers, but is the result of the far 
higher standard of working safety required by us. Not a 
single foreign engine has so far been able to stand the 60 
hours’ duration test which must be passed by every German 
fixed engine before it is considered fit for service at the Front. 

Germany’s First High-Speed Engine 

The first high-speed engine issued in quantity production 
in Germany was the Benz 195 hp. 8-eyl. high-speed Vee engine 
with 125 mm. bore, 140 mm. stroke, and 1700 r.p.m. at the 
crankshaft, producing 225 hp. 

With a view to bringing it to technical perfection as soon 
as possible, the idea of producing it only when equipped with 
gear has been abandoned, as in the ease of the Hispano-Suiza 
engine, and it has accordingly been mounted without gear, in a 
limited number, on model airplanes. It is especially suitable 
for the purpose on account of its high power at 1400 to 1500 
r.p.m., as may be seen from the power curve given in Fig. 3. 

In the meantime, a rotary gear with a satisfactory safety 
factor has been successfully constructed for this engine, its 
maximum efficiency being increased, at the same time, to 260 
hp. The construction of this gear somewhat resembles that of 
the Rolls Royce, which appears to be the best of all the enemy 
gear. The slightly excessive weight of the structure may 
therefore be adopted without hesitation in consideration of the 
simplicity of the spur wheel gearing. 

Water and oil included, the engine weighs about 325 kg., 
which corresponds to 1.25 kg. per hp. Although this is not 
less than the unit weight of the 200 hp. Hispano Suiza engine 
with gear, the advantage is still on the side of the Benz engine 
if we compare it to the total engine plant of a Spad airplane 
with 200 hp. Hispano Suiza engine, ineluding fuel for 114 
hours, and to the equivalent engine plant of a fighting mono- 
plane; and the comparison is even more favorable to the 
Benz engine in flights of longer duration, on account of its 
low consumption of fuel. 

Another high-speed German engine of good power and 
weight, and which has probably also been issued in quantity 
production by this time, is Korting Bros.’ 8-cyl. High-speed 
Vee engine. Its form is particularly pleasing. With 2150 
r.p.m. at the chankshaft, it produces 185 to 195 hp. at the 
shaft of the spur gear and weighs about 252 kg. with water 
and oil,—that is, about 1.33 kg. per hp. 

According to statements made at the factory, the gear 
caused no special difficulty, being in that respect unlike other 
engines in which even simple spur gear could not be made to 
work perfectly although the demands made upon the teeth 
were generally less than in the case of foreign engines. 

The constructive methods of Daimler and Argus resemble 
that of the Koerting engine. No reports can as yet be given 
of their results. 

The Adler Works have selected a cylinder system differing 
from the ordinary method, in the construction of their high- 
speed engine. In order to obtain a more compact style of 
construction, two crankshafts are located in one gear box. 
They rotate in opposite directions, being geared together by 
toothed wheels, and they work on four cylinders each. The 
engine works remarkably smoothly and its power output is 
225 hp. at the propeller shaft with 2000 to 2100 r.p.m. at 
the crankshaft. The propeller runs at 1050 to 1150 r.p.m. 
The locating of both crankshafts in one ease entails no actual 
increase in weight, as the united weights of the crankshafts is 
only 24 kgs., whereas the Hispano Suiza crankshaft weighs 
21 kg. The unit weight of this engine amounts to about 1.24 
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kg./hp. Gearing difficulties were also originally found in this 
engine, but. they were done away with by a special construction 
of the toothed wheels. 

In addition to the above-named factories, the Oberursel 
Works are also constructing a high-speed engine designed by 
Engineer Dr. Becker, Assistant Professor at the Imperial 
Technical High School in Berlin, which shows some novel 
details. It differs from previously known models, particularly 
with regard to the mechanism driving the camshaft; the 
inauguration of such mechanism would bring the maximum 
power to the region of 2800 r.p.m. The unit weight of the 
engine is also a very good feature. With 240 normal hp., at 
about 2100 to 2200 r.p.m. at the crankshaft, it weighs 260 
kg., that is, only 1.08 kg. per hp. This is not due to the 
utilization of specially high-class material, but is attained 
solely by the disposition and selection of dimensions of the 
engine. The total stress value is even lower than the usual 
values. No further details can be given, test reports not being 
available. 

In all these 8-cyl. high-speed engines, the greatest import- 
ance is attached to the reduction of their constructienal length. 
For this reason, the magnetos are usually located in front, over 
the gearbox, with a view to utilizing that space, and economiz- 
ing space in the rear. 

Although the 8-cyl. Vee engine may not be quite equal to 
the 6-cyl. engine series in equilibrium, the latter series being 
perfect in that respect, the inertia forees, which chiefly occur 
in a horizontal plane, caused no noticeable derangement with 
the dimensions selected. The compensating device which was 
proposed for the engine was therefore dispensed with for 
weight-saving reasons, without any detriment to the smooth 
running of the engine. 

For higher powers, the 12 or 10 cyl. Vee engine should 
certainly be the given method of construction because of the 
free inertia forces of the 8-cyl. Vee type. Considering the 
great importance attached to facility in turning airplanes, it 
will be necessary that the engine should be still further short- 
ened for combat one-seaters; for this reason, the 8 cyl. engine 
has a suecessor in the fan engine, which is being experimen- 
tally constructed in a three-radii type with 9 cylinders, by 
Opel of Russelsheim. The next step should be from the fan 
type to the star engine with a view to obtaining the prefect 
fixed high-speed engine for single-seater airplanes. This type 
also gives promise of future developments in respect of 
higher powers. The star engine also has the great advantage, 
now that the armor of aircraft is ever on the increase, of 
being armored with the least weight possible. 


The Siemens-Halske Rotary 


The endeavor to obtain a high number of revolutions in 
connection with gearing has also been extended to the rotary 
engine. After having already brought out a 110 hp. rotary 
engine with transmission gear, Siemens & Halske lately issued 
a 160 hp. 11-eyl. rotary engirie. The reduction of the number 
of revolutions in the propeller is attained in the latter type 
by making the crankshaft and cylinder block work in oppo- 
site directions. They both revolve at 900 r.p.m. in opposite 
directions, so that the eylinder block attains 1800 r.p.m. as 
compared to the erankshaft.. This type has the advantage 
over earlier rotary engines not only on account of its low unit 
weight due to high liter power, but also because the low 
number of revolutions of the cylinder star diminishes the un- ° 
pleasant gyratory motion usually found in powerful rotary 
engines, so that the effect is no longer disagreeable. The ex- 
ceptionally short climbing time attained by this engine (see 
Fig. 4) is due not only to the transmission device, but also 
to other qualities which will be described later on. 

The effort made to obtain the highest. possible power with 
the lowest cylinder capacity, that is, with the least possible 
weight, has also led to the bestowal of more attention on the 
two stroke cycle. In spite of the evident advantages it offers, 
the development of the two-stroke cycle system has been ne- 
glected in comparison to the 4-stroke cycle engine, chiefly 
because of the great supply of heat in the cylinder and the 
high number of revolutions to be considered, which caused 
serious difficulties. The quantity of heat supplied to the 
cylinder wall and the piston head at the time of combustion 
is surprisingly large. Caleulated on the base of the area unit, 
it is, for instance, ten times as great as that of the fire-box 
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of a locomotive. This explains the necessity for such a high 
degree of durability in the cylinder and piston of many types 
of engine. In the two-cycle engine, these difficulties are even 
greater, twice as rany combustions taking place with the 
same number of rcvolutions, so that twice the amount of heat 
must be applied to the same cylindrical dimensions per unit 
of surface. Prof. Junkers has now developed the portions 
subjected to the influence of the hot gases in such a way that 
those portions can be effectively cooled. Another difficulty 
to be encountered is the scavenging of h'gh-speed two-cycle 
engines. Mixed seavenging is not suecessful in most eases. 
Pure a'r scavcng’ng necessitates, on the other hand, the direct 
injection of the fue! into the cylinder. The constructive d'ffi- 
culties thereby entailed have been overcome by Junkers’ h'gh- 
pressure fuel pump, which regulates the quantity of the 
mixture. 
The Junkers Two-Cycle Engine 

Prof. Junker’s aviation engine is constructed with pistons 
placed in opposite direetions, as in the ease of the well-known 
Junkers oil-eng nes. Two pistons move in opposite direct*ons 
in one cylinder, the combustion chamber being enclosed ‘in their 
inner dead center. Near the outer dead center, the p‘ston 
control: ports in the cylinder wall, through which fresh com- 
bustion a‘r is let in and the consumed gases exhausted. Several 
cylinders of this kind lie paralle! to one another. All the 
pistons lying in the same direction drive a common crankshaft. 
The regular working of the pistons and the accuracy of their 
intake and exhaust control is ensured by coupling the crank- 
shafts by means of spur wheels. The engine power is sup- 
plied through the projected shaft of the middle spur wheel, 
on whch the propeller is generally fixed. This arrangement 
has the additional advantage of enabling the best number of 
revolutions to be given to the propeller shaft, by alteration 
of the transmission in the spur wheels, independent of the 
number of revolutions of theengine. 

The crank gear is Aosalans: 5 two eases, which fill up the 
outer longitudinal side of the machine. The spur gear is 
entirely enclosed in a separate case closely adjoining the 
charging pump, which is projected to form the gyratory piston 
pump for the admission of fresh air. The pipes for the inlet 
of seavenging and-charging air and for the outlet of exhaust 
gases also extend over the cylinders, the first-named pipe being 
constructed on the case of the charging-pump. 

The pistons are equipped with a singular cooling device. 
The eavity of the piston is partly filled with heavy oil fluid 
which is not renewed in working and is violently dashed back 
wards and forwards by the motion of the piston. The fluid 
thereby absorbs the heat of the piston head and discharges it 
on the cylindrical portion of the piston, which conducts it into 
the cooled eylinder jacket. 

The efficacy of this piston cooling has been proved by 
measurements taken with thermo-elements. Fig. 5 shows how 
the temperature of the piston-head gradually rises and attains 
the inertia condition after 19 min. This cooling system held 
good at speeds amounting to 2000 r.p.m. and also during 
longer periods of working. 

The Junkers engine has another peculiarity, namely, that all 
the valves that cause great difficulties in high-speed engines 
with increasing cylinder capacity and thereby limit the 
working of the cylinder to some extent, are avoided by means 
of distr bution through port-holes. 

The va've'ess method of construction , thereby makes it 
possible to construct reliable light engines with high cylinder 
power. 

The balancing of the masses attained by the disposal of the 
pistons in such a manner that they work in opposite directions 
is of importance with regard to the utilization of the light- 
weight engine, and it can easily be brought to perfection by 
the requisite disposition of the pistons. Combined with the 
good conditions under which the cylinder charge is renewed, it 
becomes possible, with such favorable balancing of the masses, 
to obtain a high number of revolutions and to reduce the unit 
weight still further in consequence. As compared to other 
two-stroke engines, the Junker has the advantage of being able 
to attain high mean pressures and, in consequence, high 
powers with given dimensions. This is seconded by the com- 
plete scavenging of the cylinders and the high compression 
of the charge, which can, by reason of the absence of over- 
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heated portions of the combustion chamber, be admitted with 
advance ignition without risk. Another favorable point is 
the slight loss of heat due to the smallness of the cooling 
surface cf the combustion chamber. 

Hellmuth [rth is now making tests with an engine that is 
quite un que in its way. It is a two-cycle engine, which has 
no actual ccavenge or charging pump. The exhaust gases are 
drawn off through the hollow steel propeller, its peripheral 
speed beng ut‘lzed for the production of a vacuum. This 
vacuum not only carries off the exhaust gases, but also simul- 
taneously induets the fresh charge into the cylinder. The 
obstacles to be in the ease of the engine consisted 
a suitable steel propeller and in the 
transmiss'on of the hot gases from the stationary cylinder to 
the rotat'ng serew. Both points have been cleverly disposed 
of by H rth. The eylinders, disposed in star form, and the 
control are fundamentally similar to those of the Junkers 
that the cylinders are curved around the 
er in such a manner that the courses of the 
lel. The mechan'sm is so disposed that the 
the exhaust orifices and then the intake 
The evlinders being charged only by the vacuum 
produced by the peripheral speed of the propeller, it might 
be coneluded that there would be difficulty in starting the 
engine. This is not the case, however. The serew is s'mply 
turned, at starting, in the d'rea@on contrary to the usual one, 
a depression is thereby produced, in the combustion chamber, 
which the combustion m'xture to enter through the 
inlet orifice thereby exposed. This engine, too, is supposed 
to run at high speed with gear, with 2400 r.p.m. at the crank- 
shaft. The weight of a 3C0 to 400 hp. engine should amount 
to 0.75 to 0.8 kg./hp. including the water and oil in the engine. 
The method of abducting the exhaust gases through the pro- 
peller mav also be applied to 4-eyele engines. <A better degree 
of admission can be obtained by this means, and higher mean 
attainable in consequence. . 

(To be concluded) 


overcome 


n the ecnstrm etic n oj 


‘ mbust on < 
p:stons are para 
piston first ex 


or: fiees 


enables 


pressure and power are 


Pressure Distribution Experiments 

In an article contributed to a recent issue of L’Aeronautique, 
of Paris, A. Toussaint and Lieutenant Weisenburger describe 
some experiments that were made at the Aerotechnicéal Lab- 
oratory at St. Cyr, France, to determine the pressure distri- 
bution around cylinders with the axes perpendicular to the wind 
direction. The experiments were made upon cylinders 14 
mm. in diameter in a channel 250 mm. in diameter. 

The pressure distribution was observed round the median 
section in (a) With a cylinder 100 mm. long, 
(b) with a eylinder 250 mm. long, i. e., extending right across 
the channel and, therefore, equivalent to an infinitely long 
cylinder. The pressure region on the front of the cylinder 
was found to extend over an angle of 83 deg. in ease (a) and 
75 deg. The suction in ease (b) was a max'mum 
at angles of 70 deg. with the wind. It decreased in value from 
70 deg. to 90 deg. and was sensibly eonstant from 90 to 180 
deg. The absolute values of the suction were greater in case 
(b) than in ease (a). The pressure at any given angle was 
proportional to the square of the speed, whercas the suction 


two 


eases : 


in ease ()). 


was not. 

Experiments were also made upon three cylinders of dia- 
meters 11 m., 18 mm., and 20 mm., 100 mm. in length, to de- 
termine the angle at which the pressure changed from positive 
to negative. These angles were found to be 36.5 to 37.25 deg.; 
17.2 to 46.75 eg.; and 45.5 to 46.5 deg. respectively. If the 
angle over which the pressure region extends is plotted against 
the ratio L/D it is found that the angle decreases with increas- 
ing L/D up to L/D 10 after: which it remains constant at 
about 75 deg. In the case of the 100 mm. by 14 mm. cylinder, 
the pressure distribution around a section situated near one 
end was also observed and was found to differ somewhat from 
the distribution on the central section. 


New Bleriot ““Mammoth” Tested 


On August 18 the Bleriot triplane “Mammoth,” with four 
Hispano-Suiza engines, which has been entered for the French 
government competition, was flown by M. Jean Casale for 
ten minutes at a height of 25 meters. 

















New Ansaldo Transport Airplane 

















SKETCH OF THE ANSALDO A-300 C Transport AIRPLANE (300 Hp. Frat Enarne) Wuicu AccomMopATEs Four PASSENGERS 
BESIDE A CREW oF Two MEN 


A new single engined machine for air transport will shortly 
be put on the market by the Aero Import Co. This is known 
as the Ansaldo A 300 C and is designed especially for the 
rapid, safe and reliable transport of passengers. 

The machine is a tractor biplane equipped with a Fiat A 
12-bis 300 hp. engine. The crew consists of a pilot and 
mechanic who are placed in a separate cabin behind the engine 
and provided with a very good field of vision. Four passen- 
gers are accomodated in a commodious cabin at the trailing 
edge of the wings. Large windows give good vision and both 
eabins have doors. The cabin portion of the fuselage com- 
pletely fills the space between the wings and is faired into the 
wing roots. The uper and lower wing roots are of equal span 
and the upper and lower wings on each side are similar except 
for fittings. 

The landing gear, the central portion of the fuselage and 
the wing roots form a unit. The wheels have a wide track, 
which allows the designer to eliminate the wing skids. The 
axle fairing is a lifting surface. The engine section can be 
removed bodily. This also assists in making replacements 
in service. The same thing is true of the aft portion of the 
fuselage. The wing roots are braced to the body by faired 
steel tubes. The engine section is covered with aluminum, 
the cabins with wood and the tail with cloth. 

The rudder is balanced and the tail plane incidence is ad- 
justable by the pilot in flight to allow for variation in load. 

The speed is 112 m.p.h. The weight with fuel is 2535 lb. 
and the permissible load is 1653 lb. The fuel carried is 
sufficient for a flight of five hours. The span is 43 ft. 10 in., 
the leneth overall is 32 ft. 3 in. and the height overall in 
flying position is 10 ft. 8 in. The total supporting surface 
is 473 sq. ft. This gives a wing loading of 8.85 lb. per square 
foot with maximum permissible load, and a power loading of 
13.76 lb. per horsepower under the same conditions. 





New Schuette-Lanz Construction 


The latest type of Schuette-Lanz Airship has a capacity of 
2,048,360 cu. ft. and an overall length of 650 ft. 8 in., with 
& maximum diameter of 75 ft. 6 in. It is provided with five 
240 hp. Maybach motors which give it a maximum speed of 62 
mp.h. The carrying capacity is 37.5 tons. 
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The hull consists of 19 principal rings 32 ft. 10 in. apart, 
connected longitudinally by lattice girders of hard drawn dur- 
alumin tubes, these being in turn interconnected with lattice 
frames and light intermediate rings. This design makes it 
possible to anchor the engine gondolas to the main rings both 
horizontally and vertically and secures sufficient rigidity for 
the engines and propellers. The latest design of lateral engine 
gondola contains two motors driving one propeller and is 
totally enclosed. 


The total weight of the airship, complete with five motors 
and four gondolas, is as follows :— 


BO: 0e WONG i ke ddvadadecteicccodasadinaae 3,380 tons 
Coverme for framowowle «3 «<6. os 66 oa s5.505450% 1,870 tons 
Keel SULTAGOS AMG TUGGOES ..5o issu coxcscecs 1,070 tons 
Engine and pilot gondolas ................... 1,860 tons 
Safety appliances and steering gear ........... 340 tons 
Mobens. GU: IEE ona cc cde cs ccsangecscces 4,540 tons 
Potwel Camis Gm MOOG 66 okies cecccesss ws 480 tons 
Teme Doe: Wale. WOME <6 skin ccs cntksesseuns 350 tons 

Suspension ropes and stays for the gondolas, 

stay ropes, signal arrangements, lighting 
equipmnent, WINGHEME, G60. 6.2 vicccc cctecses 1,030 tons 
Hull with lattice bracing ..............eeee00. 12,900 tons 
Tete WONG a dcacsadcevess 27,820 tons 


The gas bags are made of specially prepared cotton mater‘al 
to which gold-beater’s skin is secured by waterproof glue. 
It has the advantage of being practically proof against leak- 
age and very light. The weight saved by the use of th's 
material in preference to the rubber impregnated cotton used 
for the first Zeppelins amounts to 6 tons in the case of a ship 
of 2,048,360 cu. ft. capacity. Great progress has been made 
in the manufacture of this material during the war. 


Wood is still the material used for the framework of air- 
ships up to a capacity of 1,300,000 eu. ft. The use of dura- 
lumin effects a saving in weight of from 20 to 30 per cent, as 
compared with wood. 

The water ballast tanks are suspended in the interior tunnel 
corridor and consist of bamboo frames covered with water- 
proof cloths each containing 0.50 to 1.00 tons of water. (D. 
Ruehl, De Ingenieur.) 




































The Federated American Engineering Societies is constitu- 
ted of engineering and allied technical organizations; whose 
chief purpose is the advancement of the knowledge and prac- 
tice of engineering and allied technical arts, which are not 
organized for commercial purposes. .It includes the individual 
engineer and the allied technologist who is represented through 
the society or societies of which he is a member, which have 
membership in the organization. It includes civil, mining, 
metallurgical, mechanical, electrical, testing, railway, highway, 
municipal hydraulic, sanitary, water works, bridge, agricul- 
tural, illuminating, heating, ventilating, refrigerating, safety, 
radio, fire protection, automotive, industrial, military, marine, 
naval and chemical engineers, and architects, naval architects, 
chemists and geologists. These branches of engineering and 
allied sciences cover the whole range of activity in this country 
upon which is dependent its economie success. 

Formation of The Federated American Engineering Societies 

Engineers and allied technologists have been content to per- 
form their work without notoriety. Dating from a period eonsid- 
erably before the war, the engineer was gradually developing 
class consciousness, and a desire to be of public service. This 
desire was intensified as a- result of the World War and led 
to the formation of Engineering Council by the American 
Society of Civil Engineers, the American Institute of Mining 
and Metallurgical Engineers, the American Society of Mech- 
anical Engineers, and the American Institute of Electrical 
Engineers. In the effort of these societies to determine in what 
way their activities could be improved and rendered of greater 
value, committees were appointed by each, and these committees 
in turn appointed Conferees, who met and organized the Joint 
Conference Committee. As a result of this intensive desire for 
service, it was the unanimous opinion of the Joint Conference 
Vommittee that a comprehensive organization was desirable 
that could speak for the engineering and allied technical pro- 
fessions wherever engineering experience and technical train- 
ing are involved, as well as in matters of common concern to 
these professions. This recommendation was accepted by the 
constituent societies who authorized the Committee to call, 
without delay, a conference of representatives of national, 
local, state and regional engineering organizations and affilia- 
tions for the purpose of bringing into existence the comprehen- 
sive organization recommended. The Committee issued a eall 
to 110 engineering and allied technical organizations for the 
Organizing Conference of June 3-4, 1920. This organizing 
conference unanimously created The Federated American 
Engineering Societies and authorized the Joint Conference 
Committee to act as the Ad Interim Committee between its 
adjournment and the first meeting of its governing body, 
American Engineering Council. 

Publications of the Joint Conference Committee 

Immediately following the Conference, the Joint Conference 
Committee issued a formal invitation to each organization, 
originally invited to the Organizing Conference, to become a 
Charter-Member of The Federated American Engineering 
Societies, and to appoint delegates to the first meeting of 
American Engineering Council to be held on November 18-19 
at the New Williard Hotel, Washington, D. C. 

The offices of The Federated American Engineering Societies 
and of the American Engineering Council are in the Engin- 
eering Societies’ Building, 29 West 39th Street, New York. 


The Lacoin-Damblane Helicopter 


Some interesting information regarding the Lacoin-Dam- 
blane helicopter, of which mention has been made in these 
columns before, is given by Ernest Archdeacon in a recent 
issue of L’Aerophile. 

This machine is eonstructed in the 
fuselage, complete with two engines in tandem, landing gear 
and tail surfaces. In the region of the engine a system of 
steel struts supports on either side a large horizontal lifting 
serew which is formed of four blades of aerofoil section. 

M. Archdeacon states that in commencing a flight the pilot 
starts up the motor and gradually throws in the clutches 


form of a_ tractor 
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The Federated American Engineering Societies 
















































































connecting them to the airscrews, the blades of which are 
initially at O deg. incidence. He then gradually increases 
the blade incidence until the thrust becomes greater than the 
total weight, at which stage the machine rises. The pilot can 
= the speed of ascent by means of the variable airscrew 
piten. 

Having attained the desired altitude, the pilot works the 
controls so that the airserew blades behind the axes are given 
a greater incidence than those in front. This has the effect of 
moving the axis of resultant thrust back behind the C.G. so 
that there is a pitching couple on the machine. The latter 
therefore, tilts forward so that the axis of thrust is now 
inclined and has a forward component which will give the 
machine a translational velocity, while the weight is balanced 
by the vertical component of the thrust. M. Damblane esti- 
mates ‘that with an angle of inclination of 10 deg. the value 
of the horizontal component of the thrust will be 300 kg, 
and that the head resistance of the whole machine is equal to 
that of a flat plate of 1.5 sq. m. area normal to the direction 
of motion. Under these conditions he deduces that the for- 
ward speed attained will be 180 km.p.h. (111 m:p.h.) In 
horizontal flight steering is the same as in the ease of an ord- 
inary airplane. 

If one of the engines cuts out the other will drive the two 
serews at a sufficient rate to ensure slow descent. If both 
engines fail, the a'rserews will rotate as windmills and the 
inventors anticipate that by adjusting the blade incidence and 
the stabilizing planes the pilot will be able to cause the 
machine to descend in a normal glide. 


Transport Airplane L.V.G.-G. III 
This machine, which is fitted with two 260 hp. Maybach 
engines, is a triplane having the following leading character- 
isties :— 





ge boas 2. “sh. 

Length of machine ........ 10.25 m. 

Dt 2th tawhaneseébadcake 3.9 m. 

EE civsendovsuewdbnesan 24.5 wm. 
SINIDY is\s savhip th molec heteiaon 2 Maybach 260-hp.each 
Went, empty ....cccceses 2,960 kg. 
Weight, full (pilot, 3 passen- 

gers, fuel and oil for 5% 

i SE nndecneas bd ab 4,100 kg. 

Speed in horizontal flight 130 km./hr. 
Landing speed ............ 60 km./hr. 
Time of climb to 3,000 m.... 20 min. 
Radius of action ........... 700 km. 

CO RN” PP 35.7 kg./sq. m. 
OO err 7.9 kg./hp. 


The fuselage is constructed of wood covered with three-ply. 
The two engines are mounted in power eggs on either side. 
They form the terminal points of the center section. The top 
and bottom wings are in three parts, the outside portions being 
at a slight dihedral angle to the central portion. (Flugsport.) 





The Commercial Aerofoil 


In an article contributed to Aircraft Engineering, of London 
F. E. Cowlin investigates the effect of applying a hypothetical 
aerofoil to an airplane having certain fixed characteristics; 
and on this basis draws certain conclusions regarding the effect 
the use of such an aerofoil would have on the cost per unit 
load. 

According to Mr. Cowlin, it appears advisable from the 
commercial standpoint that research should be conducted on 
aerofoils of the high-lift type with a view, firstly, to remove 
the difficulty of lateral control hitherto experienced, and 
secondly, to develop a wing section, having high-lift character- 
isties without loss of efficiency at cruising speed. The pro- 
bability of obtaining such results cannot be affirmed or denied 
on the evidence at present published, but the lack of data does 
at least suggest the possibility. The reduction of cost per 
ton-mile alone is ample justification, since thereby the scope of . 
commercial operation would be considerably enlarged. 
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The Longitudinal Airplane was designed by O. H. 
Wisenant, Colorado Springs, Colorado. The wings 


the end of each plane, revolve inwardly. It is 
claimed that exceptional stability prevents a side slip, 
while a gliding angle of 1 to 28 assures it a safe landing. 








A novelty in Aircraft— 


Valsparred, of course! 


The Wisenant Longitudinal Airplane shows decided 


originality of design. But when it came to a choice of 


varnish, the inventor profited by the experience of the lead- 
ing aircraft manufacturers and selected — Valspar, of course. 


In a letter dated June 22, 1920, Mr. Wisenant writes: 
“Valspar has been used on fabric and wood work through- 
out. The plane has been subjected to very hard usage 
and I have just cause for appreciating its being Valsparred.” 


On land, on water and in the air Valspar wins. It 
gives sturdy, unfailing protection against sun, water, oil 


and gasoline. Valspar is the ideal airplane varnish. 
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VALENTINE’S VALENTINE & COMPANY 


Largest Manufacturers of High-grade Varnishes in the World 
ESTABLISHED 1832 
New York Chicago Boston 
. London Paris Amsterdam 


The Varnish That Won't Turn White W. P. FULLER & CO., Pacific Coast 


Toronto 
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An Unusual Opportunity 


To Complete Your Files of 


Aviation and 
Aeronautical Engineering 


We have a _ limited number of bound volumes covering the period from August 1, 1916 
to January 15, 1919, containing in every issue aeronautical engineering information of fundamen- 
tal. value. These volumes comprise a complete record of the science of aviation during the period 
of the great development of aerial warfare. 


VOL. I : ; : $25.00 
VOL. Il , 10.00 
VOL. II! ' 5.00 
VOL. IV : : , 5.00 
VOL. V , ' 5.00 
Also the following sets not bound: 
VOL. Ill , ' : . 3.00 
VOL. IV ‘ ; : 3.00 
VOL. V : ; : 3.00 
VOL. VI ; ' ; 3.00 
VOL. VII , 3.00 


THE GARDNER, MOF F AT COMPANY. Inc. 
22 East 17th Street New York City 
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Yale Made Is Yale Marked 
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» Steel Chain Another 
Yale Safety Factor 


ALE Chain Blocks have for 
many years been equipped with 
special steel chain. 

Every link in every Yale chain 
is die formed and die forged, with 
the weld on the side of the link 
instead of at the end. 

These Yale Chains have over 
twice thestrength of ordinary iron % 
chain. They are actually tested to 
three times the rated capacity of 
the block on which they are used. 
Die-forged eid"stcaiilyin place, the Yale Spur-Geared Block 
Steel Chain “From Hookio Hoot a Line of Steel” is safe and satisfactory. Y 

Screw-geared and Differential Chain Blocks, Electric Hoists 

Carried in stock by representative supply houses. Y/ 
nnew oist Catalog—sent on request. 

For a Factory Locking Equipment y 

Use a Yale Master Key System 


The Yale & Towne Mfg. Co. 


Ma Lers of the Ya le Lo 5 
Stamford Connecticut 


PUR-GEARED BLOCKzz 






Die-formed 
and 


Detailed descriptions 



















AVIATION 





Every Element of Perfection 
in Construction and 
Design zs Incorporated im 


PARAGON 
PROPELLERS 





There is a Special Paragon 
for YOUR Machine 

















ALUMINUM 


INGOT 
SHEET 
MOULDINGS 
ROD AND WIRE 
SOLDERS AND FLUXES 
FABRICATED FORMS 


DURALUMIN -- where strength 


with lightness is essential 





Aluminum Company of America 


Pittsburgh, U. S. A. 








Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superios 
anti-friction qualities and great durability 
‘and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL CO.,34 Commerce St, N.Y. 
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ANNOUNCEMENT 





We are pleased to inform our 
many inquirers that we are now 
able to make immediate de- 
liveries on standard types of 


HAMILTON 
PROPELLERS 
OF QUALITY 


Some choice territory still available 





to responsible distributors. 


HAMILTON AERO MFG. CO. 
MILWAUKEE, WIS. 
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“The Spark Plug 
That Cleans Itself’’ 





**The Plug with the Infinite Spark’ 


BREWSTER-GOLDSMITH CORPORATION 


33 GOLD STREET, NEW YORK CITY 














LOUIS DUSENBURY & CO.., Inc. 


Established 1849 


MANUFACTURERS AND IMPORTERS 
INTERIOR TRIMMINGS OF QUALITY 
FOR PASSENGER PLANES AND 









DIRIGIBLES 
-CARPETS 
UPHOLSTERIES 
Write Dept. C. CURTAIN FABRICS 


229-233 FOURTIT AVENUE NEW YORK 





: contains new ideas and fresh angles on the : 
: widening field of commercial aeronautics : 
: information of real value to the manufac- 
: turer, pilot or prospective purchaser, as 


















CLASSIFIED ADVERTISING 


10 Cents a word, minimum charge $2.00, payable in advance. 
Address replies to box numbers, care AVIATION AND AERO- 
NAUTICAL ENGINEERING, 22 East 17th Street, New York. 











ENGLISH MECHANIC-—-Late with Avro Co. Experienced 
on Mono, LeRhone, Clerget, Bentley, Green, Renault, Puma, 


Beardmore, and B.Cs., seeks situation. Box 124. 





DRAFTSMEN REQUIRED—For Interesting Airplane 
work. Apply by letter to Mr. Barling, Wittemann-Lewis 
Aircraft Co., near Erie Station, Hasbrouck Heights, N. J. 














: well as those who are investigating aviation : 
? possibilities. 


: formed of the progress of commercial : 
= aeronautics, by 


INFORMATION IS CAPITAL 


Every Weekly Issue of 


AIRCRAFT JOURNAL 








It will pay you to keep currently in- : 


reading AIRCRAFT : 
JOURNAL each week. : 


Fifty-two Issues Two Dollars 
Twenty-six Issues One Dollar 


THE GARDNER, MOFFAT C€0., INC. 








22 East Seventeenth Street, NEW YORK 
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TYPE L-6 
AIRPLANE ENGINES 


Hall-Scott Motor Car Company 


West Berkeley, California 











ROEBLIN G 
Aircraft Wire, Strand and Cord 


Thimbles and Ferrules — 


JOHN A. ROEBLING’S SONS CO. 
TRENTON, N. J. 



















Warwick N()N-TEAR 4Aero-ctoth 


A SAFE CLOTH for FLYING 








For Particulars Apply to 


WELLINGTON SEARS & CO. 


66 Worth Street, New York 

















HARTSHORN STREAMLINE WIRES 
ASSEMBLED WITH HARTSHORN 
UNIVERSAL STRAP ENDS 

MAKE THE IDEAL AEROPLANE TIE RODS 


All streamline wires heat treated in omy and produced 
by eur carefully developed method of cold reverse rolling, 
will meet the most exacting tests. 


Send for our descriptive circular A-1, describing our wires and terminal flitings 
STEWART HARTSHORN CO. 
250 FIFTH AVE,NEW YORK 











The pioneer manufac- 
ture of airplane parts 
made from bar stock. 
Any and everything 

Mai pertaining to the man- 


ufacture of airplanes. 


Any Quantity 





A. J. MEYER MANUFACTURING CO. 
819 John Street West Hoboken, N. J. 

















CONSULTING 
AERONAUTICAL ENGINEERS 


AN INDEPENDENT ORGANIZATION OF 
SPECIALIZED AERONAUTICAL ENGINEERS 
ENGAGED IN THE 
SCIENTIFIC AND PRACTICAL DEVELOPMENT OF 
AERONAUTICS BY CONSULTATION, DESIGN 
EXPERIMENTAL RESEARCH AND TESTING 


ALEXANDER KLEMIN 
22 East 17th Street New York 




































LEARN TO FLY 


in old established school, under an instructor who has 
given. instruction to more 


AMERICAN ACES 


than any other instructor. 


Army Training Planes Used. 
We Build Our Machines. 


PRINCETON FLYING CLUB, Princeton, N. J. 
WEST VIRGINIA AIRCRAFT CO., Wheeling, W. Va. 
DAYTONA FLYING CLUB (Winter), Daytona, Fla. 
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AVIATION 






October 1, 1920 
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If You are Not a Subscriber 


Order 


Aircraft Journal 


From Your News Dealer 


TUE A COURANT 


On and after Oct. 4, Aircraft Journal 
will only be supplied to news- 
dealers who order it in advance. 
Please tell your newsdealer to 
put in his order for your copy 


EU TAADAN DATTA CATA TTT ETT TTT : | 


Aircraft Journal 


is the only 5c Aeronautical Weekly 
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